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The Third International Mathematics and Science Study (TIMSS) 1998 assessed the mathematics and 
science achievement of students in their second year at high school. Testing for the study was carried out 
in 38 countries in 199899.1 Extensive information was collected from students, teachers and school 
principals about the context of mathematics and science teaching and learning. Among the countries 
participating in TIMSS 1998, 26 countries, including Australia, also participated in TIMSS 1994. It was 
therefore possible to report on any significant changes between the two studies. 
Two reports, TIMSS 1999 International Mathematics Report and International Science Report were 
released in December 2000. This report, Mathematics and Science Achievement of Junior Secondary 
School Students in Australia, analyses and interprets the Australian data collected as part of the study. 
Where appropriate, it makes comparisons with the results of a number of countries and the international 
average to better understand the Australian achievement and context. 
Key aspects of TIMSS 1998 
Sampling design 
TIMSS 1998 used a two-stage sampling procedure to ensure a nationally representative sample of 
students. In the first stage, schools were randomly selected to represent government, Catholic, and 
independent schools. In the next stage, one mathematics class of Year 8 or Year 92 students was 
randomly selected to participate in the study. In Australia 170 schools participated in the study and 4032 
students were assessed. This sampling provided a good estimate for Australia overall, but does not 
enable reliable between-state comparisons. 
Content areas 
The content areas covered in mathematics were: 
! Algebra 
! Data Representation, Analysis and Probability 




In science, the content areas were: 
! Earth Science  
! Life Science 
! Chemistry  
! Physics  
! Environmental and Resource Issues 
! Scientific Inquiry and the Nature of Science. 
 
                                                     
1 For the sake of comparability across countries and across assessments, testing was conducted at the end of the school year. 
The six countries in the Southern Hemisphere (Australia, Chile, Malaysia, New Zealand, Singapore and South Africa) tested 
in October through December of 1998. The remaining countries tested at the end of the 1998−1999 school year, usually in 
May and June 1999. 
2 Year 8 students were sampled in New South Wales, Victoria, Tasmania and the Australian Capital Territory. Year 9 students 
were sampled in Queensland, South Australia, Western Australia and the Northern Territory. 
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Test items 
To achieve a broad coverage of the mathematics and science content areas, 308 items were 
systematically distributed across eight test booklets that in turn were distributed randomly to students. 
Each student completed one 90-minute test booklet. Altogether, there were 162 mathematics items and 
146 science items. Approximately 23 per cent of the mathematics items and 29 per cent of the science 
items were free-response items that included both short-answer and extended-response. The remaining 
items were multiple-choice. 
Questionnaires 
In addition to measuring mathematics and science achievement, TIMSS 1998 collected extensive 
information about the teaching and learning of mathematics and science in each country. Information 
was gathered about teaching and learning practices, curriculum, policies, student background and 
attitudes. As many of the questions also were also asked in the previous TIMSS 1994 study, it was 
possible to follow-up on changes for Australia. 
Highlights of the results 
Achievement 
! Australian students achieved well above the international average in mathematics and science. 
! In science, only Chinese Taipeis average science achievement was better than Australias. 
Australian students achievement in science was at a level equal to 15 other countries including 
Singapore, Japan, the Republic of Korea, England, Canada and Hong Kong. 
! In science, the Australian average scale score was significantly higher than the international average 
in the six content areas. 
! In mathematics, Australian students performed above the international average though students in 
Singapore, the Republic of Korea, Chinese Taipei, Hong Kong, Japan and Belgium (Flemish) 
achieved significantly better than Australian students did. Australian students achievement in 
mathematics was equal to 10 other countries including the Netherlands, Slovak Republic, Hungary, 
Canada, Russian Federation and Malaysia. 
! In algebra; data representation, analysis and probability; fractions and number sense; and 
measurement, the Australian results were significantly higher than the international average. In 
geometry Australias average was not significantly different from the international average. 
! Australian boys and girls performed equally well in the average mathematics and science 
achievement.  
! In mathematics, there were no significant differences between boys and girls in any of the content 
areas.  
! In science, boys achieved significantly better in chemistry than girls. 
! Australian students maintained good standards between TIMSS 1994 and TIMSS 1998. 
Teachers and teaching 
! In Australia, there was a greater proportion of younger teachers in TIMSS 1998 than in TIMSS 
1994. 
! In Australia there were approximately 15 per cent more male teachers teaching mathematics and 
science than the international average.  
! Almost three-quarters of Australian students were taught by teachers who had mathematics as their 
major area of study  this was lower than the international average of 84 per cent. 
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! Eighty-seven per cent of Australian students were taught by teachers who had a major in science  
which was higher than the international average of 82 per cent. 
! Australian mathematics teachers were least confident teaching geometry. Geometry was also the 
content area where the average scale score for Australian students was not significantly different 
from the international average. 
! In Australia, as well as internationally, students were taught by science teachers who appeared less 
confident than mathematics teachers. Australian teachers, as well as teachers internationally, felt 
most confident teaching biology and less well prepared to teach earth science. 
! In Australia, a quarter of the total teaching time was spent in mathematics and science classes. 
! Half of the Australian students had between 2 and 3.5 hours of mathematics per week while most of 
the other half had between 3.5 and 5 hours per week. 
! Almost two-thirds of Australian students had between 2 and 3.5 hours of science per week while 
internationally three-fifths of students who were taught general science3 also had between 2 and 3.5 
hours weekly. 
! In mathematics, Australian students spent approximately two-thirds of their class time in lecture style 
presentations, with teacher-guided student practice and independent student practice. 
! In science, Australian students spent just over half their total class time in lecture-style presentation 
by the teacher, teacher-guided student practice and in students conducting experiments. 
Students 
In terms of bivariate statistics: 
! Student background characteristics, for example, the parents educational level, books and other 
possessions in the home were positively linked to achievement on the tests. 
! Two-thirds of the Australian students reported having positive attitudes toward mathematics and 
science. 
! The more positive Australian students were towards mathematics or science, the higher their 
achievement. 
! Among Australian students, significantly more males had high positive attitudes towards 
mathematics than females. 
! Significantly more Australian females had low or strongly negative attitudes towards science than 
Australian males. 
In terms of multiple regression analysis: 
! Students perception of their ability was found to be the highest predictor in both the mathematics 
and science model.  
! Self-efficacy4, home educational resources and English spoken at home were also found to have a 
smaller, though significant impact on both mathematics and science achievement.  
! Gender and ethnicity made an impact on science achievement but not on mathematics achievement.  
! Positive attitudes were not significant in the science model and due to interaction with other 
variables impacted negatively on mathematics achievement. 
                                                     
3 In some countries, for example, Australia, Canada, Singapore, Japan and Hong Kong general/integrated science was taught 
while in some others including Hungary, Netherlands and Czech Republic, earth science, biology, physics and chemistry were 
taught as separate science subjects. 
4 Student perceives self as good in mathematics and science 
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Changes between TIMSS 1994 and TIMSS 1998 
! For most of the 26 countries that took part in both TIMSS 1994 and TIMSS 1998 there was little 
change in either the mathematics or science achievement scores. 
! The average mathematics score for Australia increased slightly though the increase was not 
statistically significant.  Latvia, Canada and Cyprus had statistically significant gains while the 
Czech Republic showed a significant decrease. 
! The average science score for Australia also showed an increase though this was not statistically 
significant. Latvia, Lithuania, Canada and Hungary showed statistically significant increases, while 
Bulgaria showed a decrease. 
! More Australian students in TIMSS 1998 had positive attitudes towards mathematics and science 
than students in TIMSS 1994 and fewer students had low or negative attitudes towards science in 
TIMSS 1998. 
Conclusion 
This report provides a broad overview of student achievement and some of the contextual information 
collected from the questionnaires completed by students, teachers and school principals. It is evident 
from this summary that the achievement of Australian students who took part in TIMSS 1998 continued 
to be very encouraging.  Students achieved above the international average in both mathematics and 
science. Achievement in mathematics is below that of our Asian neighbours Singapore, Korea, Chinese 
Taipei and Hong Kong. However, in science Chinese Taipei is the only country whose achievement was 
significantly higher than Australias, with the results for Singapore, Korea and Hong Kong not 
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INTRODUCTION TO THE THIRD INTERNATIONAL 
MATHEMATICS AND SCIENCE STUDY  1998 
Background 
Australia was one of 38 countries that took part in the repeat of the Third International 
Mathematics and Science Study, referred to from here as TIMSS 1998. In October and 
November 1998, just over 4000 students in 170 Australian schools participated. They answered 
questions in mathematics and science and completed a questionnaire on their background and 
their experience in learning mathematics and science. School principals and teachers of 
mathematics and science also responded to detailed questionnaires. 
TIMSS 1998 was the sixth study undertaken by the International Association for the Evaluation of 
Educational Achievement (IEA) in the areas of mathematics and science. The other studies were 
the First International Mathematics Study, 1959−1967; the First International Science Study, 
1966−1973; the Second International Mathematics Study, 1976−1987; and the Second 
International Science Study, 1980−1989. In 1994 mathematics and science were combined into a 
single study, called TIMSS 1994 in this report, which was at the time the most comprehensive 
study of teaching and learning to be undertaken. TIMSS 19981 was a partial replication of the 
Third International Mathematics and Science Study (TIMSS 1994). Australia took part in both 
TIMSS 1994 and TIMSS 1998 and it is therefore possible to make comparisons in the areas of 
achievement and the context of learning in the four-year interval 1994 to 1998. In addition, as the 
cohort of students who were tested in Years 8 and 9 in 1998 was the same cohort that was tested in 
Years 4 and 5 in 1994, it is possible to examine the progress the cohort made in the four-year 
interval. 
This report also compares the Australian results on the achievement of Years 8 and 9 students 
taking part in TIMSS 1998 with the international results and the results of selected countries. In 
addition, data from the school, teachers and students questionnaires are used to highlight 
characteristics of the teaching and learning of mathematics and science in Australia. 
Research model for IEA studies 
The conceptual model for TIMSS 1998 was the one used for the earlier studies.2 In this model 
three curriculum levels are considered in relation to the contexts in which they take place. The 
three levels are: 
! the intended curriculum as stipulated at the national or state level; 
! the implemented curriculum as interpreted and delivered by teachers in the classroom; and 
! the attained curriculum as learned by the student. 
Measuring the three levels of curriculum 
The three levels of the curriculum, intended, implemented and attained, were examined through the 
use of questionnaires and test booklets. The intended curriculum was covered through the 
                                                     
1 For the sake of comparability across countries and across assessments, testing was conducted at the end of the school 
year. The six countries in the Southern Hemisphere (Australia, Chile, Malaysia, New Zealand, Singapore and South 
Africa) tested in October through December of 1998. The remaining countries tested at the end of the 1998−1999 
school year, usually in May and June 1999. 
2 Further details about the curriculum model can be found in Lokan, J., Ford, P., & Greenwood, L. (1996) Maths and 
Science on the Line. Australian Council for Educational Research, Melbourne, p. vii. 
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curriculum matching analysis that personnel with expertise in the mathematics and science 
curriculum in each state and territory were asked to complete. 
The implemented curriculum data were gathered through the school questionnaire and the 
questionnaires completed by mathematics and science teachers. The school questionnaire 
investigated a number of aspects relating to the teaching of mathematics and science in schools, 
for example,  the organisation of mathematics and science, teaching resources and time allocated 
to these two subjects. The mathematics and science questionnaires explored how the curriculum 
was implemented in schools by the teachers whose students were taking the achievement tests. 
The attained curriculum was examined through the pen and paper tests and through the student 
questionnaire, which was used to collect students attitudes towards mathematics and science and 
their perceptions of the lessons in these subjects. 
Design and administration of TIMSS 1998 
Organisation of the study 
The study was organised by the IEA. Boston Colleges Lynch School of Education in the United 
States led the international study. The study in Australia was funded by the Commonwealth 
Department of Education, Training and Youth Affairs (DETYA) and state and territory 
governments in proportion to their student population. The study was carried out by the Australian 
Council for Educational Research (ACER) which represents Australia on the IEA. 
Sampling 
A valid sample is essential in international comparative studies like TIMSS 1998, as the accuracy 
of the results depends on the quality of the sampling information and the sampling activities 
undertaken. The selection of schools and students followed a rigorous sampling procedure that was 
supervised by Statistics Canada which was responsible for the sample design that ensured that each 
country was appropriately represented. The implementation of the Australian sample design 
provided the basis for a good estimate for Australia overall and met the international requirements. 
In contrast to TIMSS 1994, the Australian sample for TIMSS 1998 was intentionally smaller, with 
only one class selected per school. 
Participation in Australia 
As students start school at different ages in Australian states and territories, the year level sampled 
differed across the country. The target population for TIMSS 1998 was the upper of the two 
adjacent grades identified in TIMSS 1994 as Population 2, which was defined as the two adjacent 
grade levels containing the largest proportion of thirteen-year-old students at the time of testing. 
Therefore students selected for TIMSS 1998 were in the upper grade of the TIMSS 1994 sample, 
that is, Year 8 in the Australian Capital Territory, New South Wales, Tasmania and Victoria, and 
Year 9 in the Northern Territory, Queensland, South Australia and Western Australia. 
The sampling of students was undertaken as follows: in the first stage, schools were selected 
within each state or territory with probability proportional to size. Within states and territories, 
government, Catholic and independent schools were represented according to their share of the 
total student enrolment at the appropriate grade level. In the second stage, the selected schools sent 
in their lists of mathematics classes and the number of students in each class. One mathematics 
class was randomly selected from each school by ACER staff. Of the 182 eligible schools in the 
original sample, 152 schools took part. An additional 18 replacement schools also participated, 
bringing the total number of schools that participated to 170 and the overall school participation 
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rate, after replacement, to 933 per cent. Student participation for Australia was 90 per cent. 
Australia met the minimum acceptable participation set. All countries achieved the minimum 
acceptable participation rates − 85 per cent for both schools and students or a combined rate (the 
product of school and student participation) of 75 per cent. Australia qualified under the combined rate. 
Table 1.1 presents information about countries sample sizes, years of formal schooling and 
average age of students tested. 
Table 1.1   Information about Countries Sample Sizes and Students Tested in TIMSS 1998 





















Australia 184 170 4600 4032 8 or 9 14.3 
Belgium (Flemish) 150 135 5387 5259 8 14.1 
Bulgaria 172 163 3461 3272 8 14.8 
Canada 410 385 9490 8770 8 14.0 
Chile 186 185 6283 5907 8 14.4 
Chinese Taipei 150 150 5889 5772 8 14.2 
Cyprus 61 61 3296 3116 8 13.8 
Czech Republic 150 142 3640 3453 9 14.4 
England 150 128 3400 2960 9 14.2 
Finland 160 159 3060 2920 7 13.8 
Hong Kong, SAR 180 137 5310 5179 8 14.2 
Hungary 150 147 3350 3183 8 14.4 
Indonesia 150 150 6162 5848 8 14.6 
Iran, Islamic Rep. of 170 170 5497 5301 8 14.6 
Israel 150 139 4670 4195 8 14.1 
Italy 180 180 3531 3328 8 14.0 
Japan 150 140 4996 4745 8 14.4 
Jordan 150 147 5300 5052 8 14.0 
Korea, Rep. of 150 150 6285 6114 8 14.4 
Latvia (LSS) 150 145 3128 2873 8 14.5 
Lithuania 150 150 2668 2361 8.5 15.2 
Macedonia, Rep. of 150 149 4096 4023 8 14.6 
Malaysia 150 150 5713 5577 8 14.4 
Moldova 150 150 3824 3711 9 14.4 
Morocco 174 173 5841 5402 7 14.2 
Netherlands 150 126 3099 2962 8 14.2 
New Zealand 156 152 3966 3613 8.5 to 9.5 14.0 
Philippines 150 150 7591 6601 7 14.1 
Romania 150 147 3514 3425 8 14.8 
Russian Federation 190 189 4557 4332 7 or 8 14.1 
Singapore 145 145 5100 4966 8 14.4 
Slovak Republic 150 145 3695 3497 8 14.3 
Slovenia 150 149 3287 3109 8 14.8 
South Africa 225 194 9071 8146 8 15.5 
Thailand 150 150 5831 5732 8 14.5 
Tunisia 150 149 5189 5051 8 14.8 
Turkey 204 204 7972 7841 8 14.2 
United States 250 221 9981 9072 8 14.2 
  International Average 14.4 
 
                                                     
3 Participation rates as reported in Exhibit A8 in the International Reports. 
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All students in the class took part unless there were special circumstances. School Coordinators 
were asked to identify, in the participating class, those who were: 
 1. Functionally disabled students; 
 2. Intellectually disabled students; and 
 3. Students unable to read or speak the language of the test. 
Students meeting any of these conditions were excluded from the study. 
In addition to the three special circumstances specified by the International Study Centre, the 
National Study Centre at ACER included an additional code: 
 4. Parental permission was not given for their child to participate in TIMSS 
1998. 
The number of sampled students in participating schools was 4600 out of whom 4451 students 
were eligible to participate. Of these 419 were absent so that 4032 students took part. 
The total number of schools and students in the original sample design in each state are presented 
in Table 1.2. 
 
Table 1.2   Australian Schools and Students Sampled to Take Part in TIMSS 1998 
State/Territory         N schools      N students 
New South Wales 48 1169 
Victoria 36 866 
Queensland 30 766 
South Australia 28 714 
Western Australia 15 420 
Tasmania 20 519 
Northern Territory 3 60 
Australian Capital Territory 4 86 
Total 184 4600 
 
Background questionnaires 
Background questionnaires were developed for students, mathematics and science teachers and 
school principals. The students who were tested answered questions about their attitudes towards 
mathematics and science, their academic self-concept, classoom activities, background, and out-of-
school activities. The mathematics and science teachers of sampled students responded to 
questions about their professional training, the emphasis in their teaching on the topics in the 
curriculum frameworks, and their views on mathematics and science. School principals provided 
information about school staffing and resources, mathematics and science courses, and teacher 
support. 
The return rate in Australia for school principals was 89 per cent, mathematics teachers 94 per 
cent, and science teachers 90 per cent. 
Data collection 
Trial testing of assessment materials and the four context questionnaires (students, school, 
mathematics teachers and science teachers) was undertaken in 19 Australian schools in June 1998. 
This exercise provided the ACER team with the opportunity to identify any test or questionnaire 
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items that could be troublesome in the Australian context or any possible difficulties with the 
administration of the project. 
Following revisions of the achievement materials and questionnaires by the International Study 
Centre, teachers administered the tests and questionnaires in schools in October and November 
1998. The last term of the school year proved to be a difficult time of the year to undertake the 
study. The schools that declined to participate were usually interested in the TIMSS 1998 study, 
but because of many other commitments at that late stage of the school year, they were unable to 
participate. This was also illustrated by the three schools that agreed to take part but later returned 
their testing materials without participating. 
The International Study Centre expected each country to follow a set of standard procedures in the 
administration of the achievement booklets and strict adherence was required. The achievement 
tests were administered to set time limits that were mandatory in each participating country. 
Testing took 90 minutes. Additional time was required for reading instructions, practice examples 
and responding to student queries on how to show their answers. The context questionnaires had 
no time limits and schools were advised to allow sufficient time for all students to complete the 
questionnaire. 
Each school chose a School Coordinator and a Test Administrator who were mailed a manual that 
provided general information about the project, their responsibilities and a test administration 
record form to complete. 
Quality monitoring 
Quality monitoring was an integral part of every stage of the project. It was essential for the 
selection of the sample, for initiating and maintaining contact with schools, for the translation 
verification and printing processes as well as packing, mailing, receiving back and tallying 
returns. Quality monitoring was essential for marking of open-ended items and for data entry. 
As a testing centre, ACER has a set of procedures that are followed for any testing program it 
undertakes. There are secure areas to hold materials, to pack, send and check returns from schools, 
a publishing department to ensure quality in level of printing, and the use of reliable companies 
and experienced support staff to contact schools and follow the project at each stage. 
In addition, three Quality Control Monitors, one on behalf of the International Study Centre and 
the others for the National Study Centre at ACER, visited a sample of 10 per cent of participating 
schools in four states at the time the achievement tests were held. They also contacted many others 
to survey how the sessions had been conducted. The Quality Control Monitors reported very 
favourably on the professional way in which schools had undertaken the data collection. 
Data processing 
The achievement materials and questionnaires were returned to ACER for marking, coding and 
data processing. Two teams that were trained by the internationally trained coder marked the free 
response items. During the coding of the free response items, the coders met regularly to discuss 
problem responses and to clarify issues that were not covered by the available codes. These issues 
were then raised with the International Study Centre for clarification and to ensure that the free 
response items were coded uniformly by all countries. A random sample of 10 per cent of the free 
response items was double marked. The inter-rater reliability for the double marking was very high 
across all countries with an average of 98 per cent exact agreement across items for Australia in 
mathematics and 95 per cent in science. 
After data cleaning and checking in Australia, the data were then forwarded for additional data 
cleaning and checking to the IEA TIMSS 1998 Centre in Hamburg. 
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Curriculum matching analysis 
Although TIMSS 1998 students in all countries undertook the same test, the curricula for 
mathematics and science vary from country to country. The purpose of the curriculum matching 
analysis was to document the relevance of the items in the TIMSS 1998 achievement booklets to 
the countries curriculum. With the exception of the United States, Canada and Australia, 
participating countries have countrywide curriculum specifications that are often compulsory. In 
Australia, as the curricula vary from state to state, personnel with expertise in the mathematics and 
science curricula in each state and territory were asked to decide whether an item should be 
included or excluded from the test based on: 
! whether or not the topic of the item was in the intended curriculum for the majority of students 
 more than 50 per cent  in the TIMSS 1998 target grade; and 
! whether or not the item topic was intended to be encountered by students prior to the TIMSS 
1998 testing in the country. 
In the case of Australia the responses were summarised for the International Study Centre taking 
into account the weighting as represented by the number of schools taking part, from each state in 
the sample design. 
Tests and questionnaires 
Developing the TIMSS 1998 achievement tests 
The curriculum framework used in TIMSS 1998 was developed for TIMSS 1994 by a group of 
mathematics and science educators with input from the National Research Coordinators. As 
shown in Figures 1.1 and 1.2 the curriculum framework has three aspects: the content aspect 
which represents the subject matter for school mathematics or science; the performance 
expectations which list, in a non-hierarchical way, the kinds of performances expected of students 
at this level; and the perspectives aspect which focuses on the students attitudes, interests and 
motivation in relation to mathematics and science. 
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After the publication of the TIMSS 1994 results, approximately one third of the items were kept 
secure to measure changes over time while the remainder of the TIMSS 1994 items were released 
for public use. Therefore it was essential to replace the released items for the TIMSS 1998 
assessment with items of similar content, format and difficulty. After an extensive review and 
field testing 114 items were selected for use as replacements in the mathematics assessment and 
98 for the science assessment. Table 1.3 presents the distribution of the mathematics and science 
items and the reporting category used in the international reports.4 
Table 1.3   Characteristics of TIMSS 1998 Items 











of Free Response 
Items5 
Mathematics Algebra6 22 35 24 11 
 Data Representation, Analysis 
and Probability 
13 21 19 2 
 Fractions and Number Sense7 38 61 47 14 
 Geometry 13 21 20 1 
 Measurement 15 24 15 9 
Total  100 162 125 37 
Science Earth Science 15 22 17 5 
 Life Science 27 40 28 12 
 Chemistry 14 20 15 5 
 Physics 27 39 28 11 
 Environmental and Resource 
Issues 
9 13 7 6 
 Scientific Inquiry and the Nature 
of Science 
8 12 9 3 
Total  100 146 104 42 
                                                     
4 Mullis I.V.S., Martin, M.O., Gonzalez, E.J., Gregory, K.D., Garden, R.A., OConnor, K.M., Chrostowski, S.J., Smith, 
T.A. (2000) TIMSS 1999. International Mathematics Report. Findings from IEAs Repeat of the Third International 
Mathematics and Science Study of the Eighth Grade. International Study Center, Lynch School of Education, Boston 
College. 
5 Free-response items included both short-answer and extended-response types. 
6 In this report three of the items in algebra are reported under proportionality in Chapter 3. 
7 In this report ten of the items in fractions and number sense are reported under proportionality in Chapter 3. 
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Coverage of mathematics and science achievement tests 
A relatively large number of test items was required to cover the range of topics and expectations. 
The 162 mathematics items and 146 science items were grouped in 26 clusters and rotated in eight 
booklets. Cluster A was common to all booklets. Each achievement booklet contained both 
mathematics and science items. All booklets included both multiple-choice and free response 
items, which could require a short answer or an extended response. A student completed one of 
the randomly allocated achievement booklets, with only three or four students in each class 
attempting the same version of the test. 
The next chapter presents the results on student achievement in mathematics and science as well 
as changes between TIMSS 1994 and TIMSS 1998. Unless otherwise indicated, all results 
reported in the following chapters are based on weighted data, to reflect the different sampling 
probabilities within the different countries. 
Statistical terms and notations used 
Mean of a set of scores is the arithmetic average of a set of scores. 
 
Standard deviation of a set of scores is a statistic that shows the spread of the scores around the 
mean. The larger the standard deviation, the more spread out the scores. 
 
Per cent correct is the overall percentage of students who answered the item correctly in the 
country. 
 
Estimate in this report (e.g. mean, percentage, etc.) refers to an estimate of a statistic for the 
TIMSS 1998 population.8 
 
Topic difficulty is the arithmetic average of the per cent correct of all items in the topic. 
 
Standard error of a statistic is usually given in brackets e.g. 83 (1.3), and shows the variation 
within each group. 
 
 
Two statistics were considered significantly different if the absolute difference between them 
divided by the standard error of the difference was greater than critical value. When multiple 
comparisons were used by the International Study Centre, the critical value was adjusted by 
applying the Dunn-Bonferroni method9. Whenever comparisons between countries are made, they 
are always made for the 38 countries. 
 
In tables and charts, 
●     indicates that the given statistic is not significantly different from the one it is compared to. 
▼    indicates that the given statistic is significantly lower than the one it is compared to. 
▲    indicates that the given statistic is significantly higher than the one it is compared to. 
 
                                                     
8 For further details refer to Chapter 12 in Martin, M., Gregory, K., & Stemler, S. (2000) TIMSS 1999 Technical Report. 
The International Study Centre, Boston College, Chestnut Hill, MA, pp. 203−222. 
9 Ibid., p. 282. 
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AUSTRALIAN ACHIEVEMENT IN MATHEMATICS AND SCIENCE 
Overview 
This chapter presents: 
! the relative country achievement in mathematics and science; 
! the achievement by content area and gender; 
! international levels of mathematics and science achievement; and 
! the changes in distribution of mathematics and science achievement between TIMSS 1994 and 
TIMSS 1998. 
Relative country achievement in mathematics and science 
Table 2.1 shows the distribution of the mathematics and science achievement scale scores. Countries 
were grouped as to whether their performance was higher, the same as, or lower than Australias. The 
average scale score of each of the countries in the uppermost band was significantly higher than 
Australias, while those in the lowest band each achieved a significantly lower average than Australias. 
The average achievement of each of the countries in the unshaded area was essentially the same as 
Australias. 
Australias results were significantly higher than the international average1 in both mathematics and 
science. In mathematics, each of five Asian countries and Belgium (Flemish) had mathematics scores 
that were significantly higher than Australias. Ten countries including several European countries, 
Canada and Malaysia each had essentially the same scores as Australia, while 21 countries including the 
United States, England and New Zealand, each had scores that were significantly lower. In science, the 
Australian results were even better. Only one country, Chinese Taipei, had an average achievement that 
was significantly higher, while 15 countries including Singapore, Japan, Korea, Hong Kong SAR and 
England each had essentially the same average score as Australia. Twenty-one countries including the 
United States, New Zealand and Malaysia each had a significantly lower average than Australia. 
Several countries had results that were similar to Australias in both mathematics and science. These 
included mostly European countries (Netherlands, Slovak Republic, Hungary, Slovenia, the Russian 
Federation, Finland, Czech Republic and Bulgaria) as well as Canada. 
Achievement by content area − mathematics 
The achievement of students was reported in five content categories2 in mathematics, in accordance with 
the TIMSS 1994 mathematics framework. These categories included the following topics: 
! Algebra: number patterns and simple relations; simple algebraic expressions; representing situations 
algebraically and formulas; solving simple equations and inequalities; 
                                                     
1 International average is the average of the national average scores combined. 
2 Proportionality was included as a category in TIMSS 1998. However as only 11 items were classified in this content area, 




Table 2.1   Relative Country Achievement in Mathematics and Science 
 
† Met guidelines for sample participation rates only after replacement schools were included. 
* National Desired Population does not cover all of International Desired Population.
** National Defined Population covers less than 90 per cent of National Desired Population.



































































































































































Countries whose achievement was
significantly higher than Australia's.
Countries whose achievement was
essentially the same as Australia's.
Countries whose achievement was
significantly lower than Australia's.  
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! Data representation, analysis and probability: representation and interpretation of data in graphs, 
charts and tables; arithmetic mean; understanding and calculations of simple probability; 
! Fractions and number sense: whole numbers, place values, factorisation and operations; 
understanding and representing common and decimal fractions; computations with common and 
decimal fractions; relationships between common and decimal fractions; rounding, estimation and 
computations with percentages;  
! Geometry: Cartesian coordinates of points in a plane and on a given straight line; simple two-
dimensional geometry; congruence and similarity; symmetry and transformation; visualisation of 
three-dimensional shapes; and  
! Measurement: units of measurement; reading measurement instruments; estimates of measurement; 
perimeter and areas of simple and combined shapes; and volume of rectangular solids. 
Table 2.2 presents the average scale score for each of the content areas in mathematics. Scaling 
procedures were developed for the content areas as well as for the total tests. The average achievement 
was calculated separately with the international average for each content area scaled to 487 (the same as 
the mathematics international average) in order to make it possible to compare results for each content 
area across countries. Australias results in algebra; data representation, analysis and probability; 
fractions and number sense; and measurement were significantly higher than the international average. 
The area of relative weakness for Australia was geometry, where the country average was not 
significantly different from the international average. In geometry, Canadas result was significantly 
above the international average, while New Zealand, United States and England were below. 
The six highest achieving countries in mathematics overall, Singapore, Korea, Chinese Taipei, Hong 
Kong SAR, Japan and Belgium (Flemish) were consistently the countries with the highest average scale 
score in each content area. However they were not necessarily in the same rank order. The low achieving 
countries overall tended to have the lowest average scale scores in the five mathematics content areas.  
Mullis et al.3 suggested explanations for these differences in relative performance in terms of a number 
of factors including the emphasis given in the intended curricula, textbooks used, strengths and 
weaknesses in the implemented curriculum and the grade level when the topics were first introduced to 
students. There could also be differences between the content as measured by the test and in the 
implemented curriculum. 
                                                     
3 Mullis I.V.S., Martin, M.O., Gonzalez, E.J., Gregory, K.D., Garden, R.A., OConnor, K.M., Chrostowski, S.J., Smith, T.A. 
(2000) TIMSS 1999. International Mathematics Report. Findings from IEAs Repeat of the Third International Mathematics 
and Science Study of the Eighth Grade. International Study Center, Lynch School of Education, Boston College. 
Mathematics and Science Achievement of Junior Secondary School Students in Australia 11
 







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Chapter 2 − Student Achievement 12
 
Achievement by content area  science 
Students science achievement was reported in six content areas in accordance with the TIMSS 1994 
framework.4 These categories with their main topics are: 
! Earth science: Earths physical features, atmosphere, processes and history; Earth in the solar 
system and the universe; 
! Life science: human body: structure and functions of its organs, processes, nutrition, health and 
disease; biology of plant, animal, and other life forms; interaction of living things; reproduction, 
genetics, evolution; 
! Chemistry: classification and structure of matter; chemical reactivity and transformations; energy 
and rates of chemical change; 
! Physics: physical properties and physical changes of matter; subatomic particles; energy; sound and 
vibration; light; electricity and magnetism; forces and motion; 
! Environmental and resource issues: pollution; conservation of natural resources; food supply and 
production; population and environmental effects of natural and man-made events; and  
! Scientific inquiry and the nature of science: scientific method; experimental design; measurements; 
describing and interpreting data. 
Table 2.3 presents the average scale score for each science content area. Scaling procedures were 
developed for the content areas as well as for the total tests. Therefore the average achievement was 
calculated separately with the international average for each content area scaled to 488 (the same as the 
science international average) in order to make it possible to compare results for each content area across 
countries. Generally, countries whose achievement was significantly above or below the international 
average on the science test as a whole also achieved above or below the international average in each 
content area. Australia followed this trend. Australian students performed significantly above the 
international average on the test as a whole as well as in each content area.  
Australias area of best relative strength was scientific inquiry and the nature of science, while chemistry 
and earth science were the categories of relative weakness. At the same time, it is important to keep in 
mind that Australian results were above the international average in all six areas. Australias average 
scale scores for each content area were very close, with only a 16 point difference between the lowest 
score in earth science (519) and the highest score in scientific inquiry and the nature of science (535). 
Several other countries, for example, England, Hong Kong SAR, Malaysia and New Zealand, had score 
differences of 25 scale score points or less between content areas. However, several high-achieving 
countries had significantly lower results in one content area than in others. The achievement of students 
in Singapore was not as strong in earth science, while those in Japan had a lower achievement in 
environmental and resource issues than in other science content areas. 
International levels of mathematics and science achievement 
Internationally it was decided to report results and describe the knowledge and skills of students in 
TIMSS 1998 in four levels. The four levels summarise the achievement reached by students in the top 10 
per cent, top 25 per cent (upper quarter), top 50 per cent (median) and top 75 per cent (lower quarter). 
These descriptions use both empirical and qualitative components. The empirical component used scale-
anchoring analysis5 (Item Response Theory) to discriminate between the item difficulties. For the 
 
                                                     
4 In TIMSS 1994 there were five reporting categories, as environmental issues and the nature of science were combined.  For 
TIMSS 1998 the inclusion of additional items in these two areas allowed for separate reporting under the headings of 
environmental and resource issues and the nature of science. 
5 Scale-anchoring is a way of describing students achievement at different points on the achievement scale based on the items 
students answered correctly. 
Mathematics and Science Achievement of Junior Secondary School Students in Australia 13
 





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Chapter 2 − Student Achievement 14
 
empirical component, the results of all students taking part in TIMSS 1998 were pooled so that the levels 
describe what the best students can do, irrespective of which country they come from. The descriptions 
of the levels are cumulative so that a student who reached the top 50 per cent can typically demonstrate 
the knowledge and skills for levels for both the top 75 and top 50 per cent. For the qualitative 
component, subject matter specialists examined the content of the items and generalised to the students 
knowledge and understandings.6 
International levels of mathematics achievement 
An analysis of the achievement results at the four levels suggested that in mathematics three major 
factors seem to differentiate the three levels. These were: 
! the mathematical operation required; 
! the complexity of the numbers or number system; and 
! the nature of the problem situation.7 
 
Figure 2.1 presents the TIMSS 1998 international levels8 of mathematics achievement, which summarise 
the performance on the test items used to measure students knowledge and achievement. 
Figure 2.1   TIMSS 1998 International Levels of Mathematics Achievement 
 
Top 10 per cent Score: 616
Students can organize information, make generalizations, and explain solution strategies
in non-routine problem solving situations. They can organize information and make
generalizations to solve problems; apply knowledge of numeric, geometric, and algebraic
relationships to solve problems (e.g., among fractions, decimals, and percents; geometric









































Top 25 per cent
Students can apply their understanding and knowledge in a wide variety of relatively
complex situations. They can order, relate and compute with fractions and decimals to solve
word problems; solve multi-step word problems involving proportions with whole numbers; solve
probability problems; use knowledge of geometric properties to solve problems; identify and
evaluate algebraic expressions and solve equations with one variable.
Score: 555
Top 50 per cent
Students can apply basic mathematical knowledge in straightforward situations. They
can add or subtract to solve one-step word problems involving whole numbers and
decimals; identify representations of common fractions and relative sizes of fractions;
solve for missing terms in proportions; recognize basic notions of percents and
probability; use basic properties of geometric figures; read and interpret graphs, tables,
and scales; and understand simple algebraic relationships.
Score: 479
Top 75 per cent
Students can do basic computations with whole numbers. The few items that anchor at
this level provide some evidence that students can add, subtract, and round with whole numbers.
When there are the same number of decimal places, they can subtract with multiple regrouping.




The international levels are based on the combined data
from the countries participating in TIMSS 1998.
                                                     
6 Mullis et al., op. cit, p.57. 
7 Ibid., p.57. 
8 Mathematics levels are reported as international benchmarks in the international reports. 
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The parts of the descriptions that refer to mathematical concepts or the students familiarity with 
procedures were relatively straightforward. However, the cognitive skills required of students depend on 
the students experience. A student familiar with the items content and context may need only recall to 
answer the item correctly. On the other hand, the same item may require problem-solving skills from a 
student unfamiliar with the items content and context. The descriptions are based on what the expert 
panel believed most students at this level could be expected to know. 
If all countries achieved similar results, 10 per cent of students in every country would have scores that 
would place them in the top 10 per cent internationally. Likewise, every country would have 25 per cent 
of its students in the top 25 per cent and 50 per cent in the top 50 per cent and so on. New Zealand came 
very close to following this pattern in mathematics though no country followed the pattern exactly. In 
reality, countries differed significantly in the proportion of students who achieved the best scores. 
Singapore had 46 per cent of its students in the international top 10 per cent in mathematics while in 
some other countries none of the students were in the top 10 per cent. Figure 2.2 shows the percentage of 
each countrys students reaching TIMSS 1998 international mathematics achievement levels. 
Australian students achieved well in mathematics. In mathematics, 12 per cent of Australian students 
were in the international top 10 per cent, 37 per cent in the international top 25 per cent, 73 per cent of 
Australian students in the top 50 per cent and 94 per cent in the top 75 per cent. Therefore in 
mathematics Australia had over 93 per cent of students in the top 75 per cent. The percentage of 
Australian students in the top 10 per cent in mathematics was the same as that for Canada and Malaysia. 
Examples of items at each international level of mathematics achievement 
In the next section, each international mathematics level of achievement is described and an example 
illustrating the level is presented. For each example, the per cent correct for Australia, the highest 
achieving country and four English-speaking countries is displayed. Canada was selected as it was one 
of three countries (the others being Latvia and Cyprus) with statistically significantly improved results 
between TIMSS 1994 and TIMSS 1998. The United States and Canada, like Australia (and unlike the 
other countries taking part in TIMSS 1998) do not have a centralised curriculum. England was picked 
because of the shared language and historical ties with education in Australia. 
In the case of open-ended items, the examples are taken from those completed by Australian students 
that were completely correct.  The correct answer is ticked (#) for multiple-choice items. 
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Figure 2.2   Percentage of Students Reaching TIMSS 1998 International Mathematics Achievement 
Levels 
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Achievement at the top 10 per cent of the international levels of mathematics achievement: Students 
achieving in the top 10 per cent level had scores of 616 or above. Students reaching this level showed 
the ability to organise information in problem solving situations and to apply their understanding of 
mathematical relationships9. Twelve per cent of Australian students were among the top 10 per cent of 
students taking part in TIMSS 1998. Mathematics 1 (M1) is an algebra item that a student in the top 10 
per cent typically answered correctly. 
 
 Mathematics 1: Top 10 per cent of the international levels of mathematics achievement 





   Per cent correct  
 Australia 39 (2.3) ▲10  
 Canada 43 (2.2) ▲  
 England 35 (2.5) ● 11  
 New Zealand 31 (2.0) ●   
 United States 34 (1.3) ▲  
 Highest achieving country:    
    Korea 70 (1.2) ▲  
 
 
To solve the three-part algebra problem in M1 students 
were typically able to generalise from the examples 
given in order to solve the sequences. In part a) 
students had to count the number of circles in the 
figure. In part b) they could either draw or work out the 
number of circles. In part c), they needed to generalise 
to the 51st term given the 50th term of the sequence, as 
well as explain or show how they obtained their 
answer. Internationally 30 per cent of students received 
full credit, most of them using the sequence 1275 + 51 
= 1326. Australian students performed significantly 
better than the international average, as did Canada. 
Korea had the highest per cent of students answering 
this item correctly. 
 
International average 30 (0.3)   
    
                                                     
9 Ibid., p.60. 
10 ▲  Country average significantly higher than the international average. 
11 ●   No statistically significant difference between country average and international average. 
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Achievement at the top 25 per cent of the international levels of mathematics achievement: Students in 
the top 25 per cent level had scores of 555 or above. Students achieving at this level applied their 
mathematical knowledge and skills in a range of complex situations. Thirty-seven per cent of Australian 
students were among the top 25 per cent of all students participating in TIMSS 1998. Mathematics 2 
(M2) is a fractions and numbers item that students in the top 25 per cent of the international levels of 
mathematics achievement typically answered correctly. 
 
 Mathematics 2: Top 25 per cent of the international levels of mathematics achievement 






   
Per cent correct 
 
 Australia 44 (3.2) ●  
 Canada 46 (2.4) ●  
 England 31 (2.6) ▼12  
 New Zealand 33 (2.7) ▼  
 United States 41 (2.0) ●  
 Highest achieving country:    
    Singapore 84 (2.0) ▲  
 
 
M2 is a proportional reasoning word problem. Given 
the number of magazines sold by each of the two boys 
and the total sum made from the sales, students were 
asked to calculate how much money is made by each 
boy. Australian students performed as well as the 
international average, as did other countries, for 
example, Canada and the United States. Results for 
England and New Zealand were significantly lower 
than the international average. 
 
International average 44 (0.4)   




                                                     
12 ▼ Country average significantly lower than the international average. 
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Achievement at the top 50 per cent of the international levels of mathematics achievement: Students in 
the top 50 per cent level had scores of 479 or above. Students at this level showed the ability to apply 
simple mathematical knowledge in straightforward situations. Seventy-three per cent of Australian 
students were among the top 50 per cent of all students who took part in TIMSS 1998. Mathematics 3 
(M3) is a geometry item that the majority of students in the top 50 per cent of the international levels of 
mathematics achievement answered correctly. 
 
 Mathematics 3: Top 50 per cent of the international levels of mathematics achievement 






















   
Per cent correct 
 
 Australia 74 (2.3) ▲  
 Canada 67 (2.6) ▲  
 England 75 (3.2) ▲  
 New Zealand 72 (2.6) ▲  
 United States 67 (1.6) ▲  
 Highest achieving country:    
    Japan 84 (1.7) ▲  
 
 
M3 shows that students in the top 50 per cent of the 
international levels of mathematics achievement were 
able to locate a point on a grid with a five-unit division 
when the point lies between the grid lines. Seventy-
four per cent of Australian students chose Point S as 
the point on the grid that could have the coordinates (7, 
16). Students answering incorrectly mostly chose Point 
Q. All countries used in the comparison achieved 
significantly above the international average. 
 
International average 58 (0.4)   
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Achievement at the top 75 per cent of the international levels of mathematics achievement: Students in 
the top 75 per cent level had scores of 396 or above. Mathematics 4 (M4) presents an example of an item 
typically answered correctly by students in the top 75 per cent. Students performing at this level could 
do basic computations. 
 
 Mathematics 4: Top 75 per cent of the international levels of mathematics achievement 





B. Tuesday, 6 a.m.
C. Wednesday, 3 p.m.
D. Thursday, 3 p.m.
TEMPERATURE
6 a.m. 9 a.m. Noon 3 p.m. 6 p.m.
Monday 15 17 24 21 16
Tuesday 20 16 15 10 9
Wednesday 8 14 16 19 15










This table shows temperatures at various times on four days.
On which day and at what time was the temperature shown in the table the same as





   
Per cent correct 
 
 Australia 91 (2.2) ▲  
 Canada 89 (2.6) ▲  
 England 92 (2.2) ▲  
 New Zealand 88 (1.9) ▲  
 United States 89 (1.2) ▲  
 Highest achieving country:    
    Japan 96 (0.8) ▲  
 
 
M4 shows that students in the top 75 per cent of the 
international levels of mathematics achievement could 
read a thermometer and locate the correct reading in a 
table. All countries used in the comparison were 
significantly above the international average. 
 
International average 79 (0.3)   
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International levels of science achievement 
These international levels of science achievement synthesise student achievement on test items which 
were designed to measure a range of student knowledge. As was the case in mathematics, four points on 
the scale were identified. Each level describes briefly what students achieving at this level typically 
know and can do. The descriptions of the levels are cumulative so that a student who reached the top 25 
per cent can typically demonstrate the skills and knowledge for the top 75 and 50 per cent in addition to 
the top 25 per cent. 
Analyses of the achievement results of students in science indicated that there were six major factors that 
seemed to differentiate the four levels. These were: 
! the depth and breadth of content area knowledge; 
! the level of understanding and use of technical vocabulary; 
! the context of the problem (progressing from practical to more abstract); 
! the level of scientific investigation skills; 
! the complexity of diagrams, graphs, tables and textual information used; and 
! the completeness of written responses.13 
Figure 2.3 presents the TIMSS 1998 international levels of science achievement. 










































Top 10 per cent
Students demonstrate a grasp of some complex and abstract science concepts. They can apply
understanding of the earth’s formation and cycles and of the complexity of living organisms. They show
understanding of the principles of energy efficiency, phase change, thermal expansion, light properties,
gravitational force, basic structure of matter, and chemical versus physical changes. They demonstrate detailed
knowledge of environmental and resource issues. They understand some fundamentals of scientific investigation
and can apply basic physical principles to solve some quantitative problems. They can provide written
explanations and use diagrams to communicate scientific knowledge.
Score: 616
Top 50 per cent
Students can recognize and communicate basic scientific knowledge across a range of topics. They
recognize some characteristics of the solar system, ecosystems, animals and plants, energy sources, force
and motion, light reflection and radiation, sound, electrical circuits, and human impact on the environment.
They can apply and briefly communicate practical knowledge, extract tabular information, extrapolate from
data presented in a simple linear graph, and interpret representational diagrams.
Score: 488
Top 75 per cent
Students recognize some basic facts from the earth, life, and physical sciences presented using non-
technical language. They can identify some of the earth’s physical features, have some knowledge 
of the human body, and demonstrate familiarity with everyday physical phenomena. They can interpret 
and use information presented in simple diagrams.
Score: 410
Top 25 per cent
Students demonstrate conceptual understanding of some science cycles, systems, and principles. They
have some understanding of the earth’s processes, biological systems and populations, chemical reactions,
and composition of matter. They solve physics problems related to light, speed, heat, and temperature and
demonstrate basic knowledge of major environmental concerns. They demonstrate some scientific inquiry
skills. They can combine information to draw conclusions; interpret information in diagrams, graphs and tables
to solve problems; and provide short explanations conveying scientific knowledge in the life sciences.
Score: 558
The international levels are based on the combined data
from the countries participating in TIMSS 1998–1999.  
                                                     
13 Martin, M.O., Mullis, I.V.S., Gonzalez, E.J., Gregory, K.D., Smith, T.A., Chrostowski, S.J., Garden, R.A., OConnor, K.M. 
(2000) TIMSS 1999 International Science Report: Findings from IEAs Repeat of the Third International Mathematics and 
Science Study at the Eighth Grade. International Study Center, Boston College, Chestnut Hill MA, p.57. 
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Figure 2.4 shows the percentages of students reaching TIMSS 1998 international levels of science 
achievement. In science, 19 per cent of Australian students were in the international top 10 per cent, 43 
per cent were in the international top 25 per cent, 74 per cent of Australian students were in the top 50 
per cent and 93 per cent in the top 75 per cent. In science the top 10 per cent of all students had a score 
of 616 or better, those in the top 25 per cent scored 558 or better, those in the top 50 per cent achieved a 
score of 488 or better and the top 75 per cent had a score of 410 or more. The percentage of Australian 
students in the top 10 per cent in science was the same as that in countries like Japan and England. 
Examples of items at each international level of science achievement 
Achievement at the top 10 per cent of the international levels of science achievement: Students achieving 
in the top 10 per cent had scores of 616 or above. These students showed almost full mastery of the 
TIMSS 1998 science test. They demonstrated an understanding of some complex and abstract concepts, 
the ability to apply knowledge, to solve problems and an understanding of the fundamentals of scientific 
investigation.  
Science 1 (S1) is a life science item that students in the top 10 per cent of the international levels of 
science achievement typically answered correctly. 
 
 Science 1: Top 10 per cent of the international levels of science achievement 






   
Per cent correct 
 
 Canada 57 (3.2) ▲  
 England 56 (2.6) ▲  
 New Zealand 60 (2.6) ▲  
 United States 42 (2.2) ●  
 Highest achieving country:    
    Australia 74 (2.4) ▲  
 
 
Students achieving in the top 10 per cent of the 
international levels of science achievement were able 
to provide two unwanted outcomes that could arise 
from introducing a new species. Across countries, 40 
per cent of students could provide two unwanted 
outcomes. Australia was the top achieving country in 
this Life Science item with New Zealand in second 
place. 
 
International average 40 (0.4)   
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Figure 2.4   Percentage of Students Reaching TIMSS 1998 International Science Achievement 
Levels 













































Top 10 per cent Top 25 per cent Top 50 per cent Top 75 per cent
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Achievement at the top 25 per cent of the international levels of science achievement: Students achieving 
in the top 25 per cent had scores of 558 or above. These students typically showed a developing 
understanding of complex and abstract science concepts presented in the TIMSS 1998 items. Science 2 
(S2) is a scientific inquiry and the nature of science item that the majority of students in the top 25 per 
cent of the international levels of science achievement answered correctly. 
 
 Science 2: Top 25 per cent of the international levels of science achievement 





Insecticides are used to control insect populations so that they do not destroy
crops. Over time, some insecticides become less effective at killing insects, and
new insecticides must be developed. What is the most likely reason insecticides
become less effective over time?
A. Surviving insects have learned to include insecticides as a food source.
B. Surviving insects pass their resistance to insecticides to their offspring.
C. Insecticides build up in the soil.
D. Insecticides are concentrated at the bottom of the food chain.





   
Per cent correct 
 
 Australia 66 (2.5) ▲  
 Canada 60 (3.0) ▲  
 England 56 (2.6) ●  
 New Zealand 56 (2.5) ●  
 United States 62 (1.8) ▲  
 Highest achieving country:    
    Chinese Taipei 76 (1.7) ▲  
 
 
Students in the top 25 per cent of the international 
levels of science achievement were typically able to 
recognise that insecticides become less effective over 
time because certain insects pass their resistance to the 
insecticide to their offspring. The international average 
had less than 50 per cent of students answering this 
item correctly. However, in countries including 
Australia, Canada and the United States, the overall per 
cent correct was 60 or higher. 
 
International average 48 (0.4)   
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Achievement at the top 50 per cent of the international levels of science achievement: Students achieving 
in the top 50 per cent had scores of 488 or above. Students at this level were able to identify and explain 
basic scientific information across a range of topics. Science 3 (S3) shows a physics item that students in 
the top 50 per cent of the international levels of science achievement typically answered correctly. 





The following diagrams show a battery and a bulb connected by wires to
various materials.
Bulb 1 Bulb 2
Bulb 3 Bulb 4
Which of the bulbs will light?
A. 1 only
B. 2 and 3 only
C. 1 and 3 only
D. 1, 3 and 4 only










   
Per cent correct 
 
 Australia 73 (2.1) ▲  
 Canada 60 (2.2) ●  
 England 65 (2.6) ●  
 New Zealand 64 (2.6) ●  
 United States 64 (1.7) ●  
 Highest achieving country:    
    Chinese Taipei 84 (1.8) ▲  
 
 
Internationally, 64 per cent of students were able to 
apply the concept of electrical circuits and knowledge 
of conductors to identify diagrams that show a 
complete circuit. The per cent correct for Australia was 
significantly higher than the international average, 
while it was not statistically different from the 
international average for Canada, England, New 
Zealand and the United States. In addition to Chinese 
Taipei, the country average was above 80 per cent for 
the Russian Federation and Belgium (Flemish). 
 
International average 64 (0.4)   
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Achievement at the top 75 per cent of the international levels of science achievement: Students achieving 
in the top 75 per cent had scores of 410 or above. Students at this level could show knowledge of some 
basic facts on science topics and use information presented in simple diagrams. Science 4 (S4) shows an 
item that the majority of students in the top 75 per cent of the international levels of science achievement 
answered correctly. 
 Science 4: Top 75 per cent of the international levels of science achievement 




The picture shows the three main layers of the Earth.













   
Per cent correct 
 
 Australia 90 (1.0) ▲  
 Canada 94 (0.5) ▲  
 England 93 (0.9) ▲  
 New Zealand 89 (0.9) ▲  
 United States 92 (0.7) ▲  
 Highest achieving country:    
    Slovenia 96 (0.5) ▲  
 
 
Students in the top 75 per cent of the international 
levels of science achievement could interpret a diagram 
of the Earths layers and recognise the centre as the 
hottest. Ninety per cent or more of students in five of 
the countries listed were able to select the correct 
answer. In every case, the per cent correct was 
significantly higher than the international average. 
 
International average 82 (0.2)   
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Achievement of boys and girls 
Achievement in mathematics and science 
In mathematics there was no difference in achievement between Australian boys and girls. However, the 
4-scale points difference of the international average was statistically significant in favour of boys. In 
TIMSS 1998, only four countries, Israel, the Czech Republic, Iran, and Tunisia, had significant 
differences in mathematics achievement, always in favour of boys.  
In science, the average scale score for Australian boys was 18 points higher than that of girls though the 
mean difference was not statistically different. However, the international difference of 15 scale score 
points favouring boys was significant. There were statistically significant differences, always in favour 
of boys, in 16 of the 38 countries. The largest significant differences were in the Czech Republic, 
England and Iran, with significant differences in Korea, the United States, Chinese Taipei and Canada. 
Macedonia, Turkey, Thailand, New Zealand and Romania had the smallest absolute differences in 
average scores. Table A2.114 provides the average achievement in mathematics and science by gender in 
TIMSS 1998.  
Gender and achievement by content area 
The average achievement for the mathematics content areas presented in Table A2.2 shows that there 
were few statistically significant differences in the five content areas by gender. The international 
average showed significant differences in fractions and number sense as well as measurement, with boys 
achieving the higher scores. In Australia, there were no significant gender differences in any of the 
content areas. However, girls achieved higher scores in algebra, which reflects the international results, 
as well as higher scores in data representation, analysis and probability, which was different from the 
international average. 
Table A2.3 presents the average achievement in the science content areas by gender. The international 
average showed significant differences between boys and girls in earth science, chemistry, physics, and 
environmental and resource issues, with males achieving the higher average. There were no gender 
differences in the international average in life science or in scientific inquiry and the nature of science. 
There was no area in which the girls international average was significantly higher than the boys.  
Internationally, the greatest gender difference (of 21 scale score points) was in physics, with boys 
achieving significantly higher scores in 12 countries. In earth science, the international average for boys 
was 17 scale score points higher, with boys achieving significant differences in six countries. When tests 
of significance were adjusted for multiple comparisons Australian students recorded a statistically 
significant gender difference in chemistry only15 in favour of boys. 
Language background 
In Australia, students who speak a language other than English in the home may sometimes benefit from 
being multilingual. However, if they are still in the process of learning English, which is the language of 
instruction at school, they may be at a disadvantage. In Australia, the testing was done in English only. 
Australian students who reported that English was the language that they always or almost always spoke 
at home had a higher average achievement score of 13 points in mathematics and 41 points in science. 
Though the results were not statistically significant in mathematics, the significant difference in science 
may have been due to the need to read and write more comprehensively in science than in mathematics. 
Table 2.4 shows the average Australian achievement in TIMSS 1998 mathematics and science by 
language background and students expectations of finishing school or their post-school education. 
                                                     
14 Tables A2.1−A2.5 are in Appendix A. 
15 The difference between Australian boys and girls in science overall and in five of the six content areas was not statistically 
significant when the differences across all participating countries were taken into account, that is, the difference was adjusted 
for multiple comparisons of the means using the Dunn-Bonferroni correction. 
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Table 2.4    Australian TIMSS 1998 Results in Mathematics and Science by Gender, Language 
Background and Expectations for Further Education 








Always or almost always speak English at home 89  (1.2)16 529  (4.9) 547  (4.6) 
Sometimes speak English at home17 10  (1.1) 516  (10.4) 506  (10.1) 
    
Expect to finish:  
University 
 
55  (1.8) 
 
554  (5.0) 
 
568  (4.6) 
Vocational/technical education after secondary school 14  (0.7) 524  (5.0) 539  (5.5) 
Secondary school only 17  (1.0) 479  (7.1) 497  (6.9) 
Some secondary school   5  (0.5) 460  (7.1) 483  (11.2) 
Do not know   9  (0.7) 501  (7.5) 516  (9.3) 
Further education 
The majority of Australian students could report whether they were expecting to continue with their 
education, with only 9 per cent reporting that they did not know (Table 2.4). This contrasts with the 
results in Japan and Finland where a quarter of the students chose the do not know category. Just over 
half of the Australian students (55%) reported that they expected to finish a university degree. These 
percentages were similar to the international average (52%) but lower than those of countries including 
the United States (78 per cent), Korea (77 per cent) and Canada (76 per cent). The results for the 
expectation to complete vocational or technical education after secondary school, finish secondary 
school only or finish some secondary school only, were also similar to the international average.  
The average achievement in both mathematics and science was higher for students who have high 
educational aspirations. Students who reported that they expected to undertake post secondary education 
achieved the highest average scale scores. The results of students who had not decided about their future 
educational plans were above those who planned to finish secondary school but below those who had 
already decided on further education. This was not unexpected, as the group of students who were as yet 
undecided about their future education were likely to eventually belong to any one of the groups listed. 
This pattern was true for Australian students and internationally. 
Changes in the distribution of mathematics and science achievement between TIMSS 1994 and 
TIMSS 1998 
Australia and 25 other countries took part in TIMSS 1994 and TIMSS 1998. For these countries, it was 
possible to look for changes in achievement since the first data collection. Table A2.4 details the 
changes in mathematics and science achievement between TIMSS 1994 and TIMSS 1998. The average 
mathematics scale score increased slightly across the 26 countries from 519 in 1994 to 521 in 1998. This 
increase was not found to be statistically significant. However, three countries, Latvia (LSS), Canada 
and Cyprus had statistically significant gains in average mathematics achievement between the two test 
sessions, while the Czech Republic had a significant decrease. Australia showed a slight increase in 
mathematics though it was not statistically significant. 
In science, too, there was a small increase across the 26 countries from 518 in TIMSS 1994 to 521 in 
TIMSS 1998, though again the gain on average was not statistically significant. Four countries, Latvia, 
Lithuania, Canada and Hungary had statistically significant increases. Australia too had an increase 
though the larger variation in achievement meant that, as was the case for Hong Kong SAR, the increase 
was not statistically significant. 
                                                     
16 Standard errors in parentheses. 
17 1% of students indicated that they never spoke English at home. This was insufficient to report achievement data. 
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TIMSS 1994 assessed students in Australia at two levels, upper primary and junior secondary levels. The 
upper primary cohort sample that in TIMSS 1994 was in their fourth year was the same one now in their 
second year of high school.18  It was therefore possible to examine whether there was a change in 
relative achievement between the upper primary cohort in TIMSS 1994 and the same cohort that was, in 
TIMSS 1998, in their second year of high school. It was also possible to examine the relative 
achievement of students in their second year of high school in TIMSS 1994 and in TIMSS 1998. Table 
2.5 presents the average mathematics achievement for the countries that took part in TIMSS 1994 and 
TIMSS 1998. For example, this table shows that in mathematics, a high achieving country like 
Singapore continued achieving at the top level at both upper primary and junior secondary levels. 
However, the United States moved from being similar to the average across countries at the upper 
primary level in TIMSS 1994 to significantly below it at the junior secondary level in TIMSS 1998. 
Australias average scale score in mathematics was not significantly different from the average across 
countries in TIMSS 1994 at both levels and in TIMSS 1998 it maintained its position. In mathematics, 
Australias relative results have not changed. Moreover, in both TIMSS 1994 and TIMSS 1998 
Australias average scores were not significantly different from the average across countries at both 
levels. 
Table 2.6 presents the average science achievement for countries that took part in TIMSS 1994 and 
TIMSS 1998. In science, Australias country average at junior secondary level moved from the middle 
group in TIMSS 1994, where the country average was not significantly different from the international 
average, to the top group in TIMSS 1998, where the country average was significantly higher than the 
international average. There was an increase of 10 points in the most recent study though the larger 
variation in achievement and the significance tests used to adjust for multiple comparisons19 led to the 
conclusion that the increase was not statistically significant. In TIMSS 1994, Australian students in 
upper primary levels were in the top group and this cohort, now in junior secondary, had maintained 
their position in the top group. 
As was discussed earlier in the chapter, the average scale score does not indicate the achievement of the 
top students. The percentage of Australian students who achieved in the top 10 per cent and the top 25 
per cent internationally in both mathematics and science showed no significant change between TIMSS 
1994 and TIMSS 1998. The international average is only for countries that participated and met the 
sampling guidelines in both studies. No country had a significant change in the percentage of students in 
the top 10 per cent between TIMSS 1994 and TIMSS 1998. The Czech Republic was the only country to 
record a significantly different percentage in the top 25 per cent, when the proportion of students in 
mathematics dropped in the most recent testing. 
In science, Hungary alone recorded a significant increase between TIMSS 1994 and TIMSS 1998 in the 
percentage of students achieving in the top 10 per cent, while Bulgaria had a decrease. Four countries, 
Canada, Hungary, Latvia (LSS) and Lithuania, showed statistically significant increases in the 
percentage of students whose scores were at or above the top 25 per cent. 
The difference between Australian boys and girls achievement in mathematics between the two testing 
sessions was small and not significant. In TIMSS 1994 there were significant gender differences in the 
average scale score in the Czech Republic, Iran, Japan, Korea, the Netherlands and Israel and in the 
international average. In TIMSS 1998 only two countries, the Czech Republic and Iran, still had gender 
differences which favoured boys in mathematics. Korea was the only country where the average 
achievement in mathematics increased significantly for girls, leading to a decrease in gender difference. 
In the Czech Republic, Israel and Thailand, there was a significant decrease for both boys and girls 
between the two test occasions. 
                                                     
18 In Australia, students were in Year 8 in New South Wales, Victoria, Tasmania and the Australian Capital Territory and in 
Year 9 in Queensland, South Australia, Western Australia and the Northern Territory.  The references to upper primary and 
junior secondary are made to avoid the complications that arise as different year levels were tested depending on the state. 
19 Dunn-Bonferroni correction. 
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In science achievement, there were no statistically significant differences between Australian girls and 
boys results in either TIMSS 1994 or TIMSS 1998. In TIMSS 1998, in 13 of 26 countries, boys 
achieved significantly higher than girls. This was a decrease from TIMSS 1994, where three quarters of 
the countries showed significant gender differences, to half in TIMSS 1998. The international average 
science achievement increased significantly for girls from 506 to 512 in the four-year period while the 
average achievement of boys did not increase. Consequently, there was a decrease in gender differences 
internationally. In Lithuania and Canada the average scale score increased significantly for both boys 
and girls. In Latvia and Hong Kong SAR the average scale score increased significantly for girls and in 
Cyprus for boys. In Slovenia and Israel there was a significant decrease in boys achievement and in 
Thailand, the decrease was for both boys and girls. Table A2.5 shows the changes in gender differences 
in science achievement between TIMSS 1994 and TIMSS 1998. 
This chapter has provided an overview of achievement in mathematics and science by comparing 
relative country achievement overall, by content area and by gender. The international levels of 
mathematics and science achievement were presented and examples provided to illustrate the levels. 
Finally changes in the distribution of mathematics and science achievement between TIMSS 1994 and 
TIMSS 1998 were examined. In the next two chapters, some of the released items used in the testing will 
be examined to highlight the strengths of and challenges to Australian students. 
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Table 2.5     Average Mathematics Achievement for Countries That Participated in TIMSS 1994 at 
Both the Upper Primary and Junior Secondary Grades and at Junior Secondary 

















Iran, Islamic Rep. 418











Korea, Rep. of 580
Japan 567













Iran, Islamic Rep. 387
522
Average Scale Score §
Junior Secondary
Singapore 604
Korea, Rep. of 587














Iran, Islamic Rep. 422
Avg. Across Countries § 524
Average Scale Score §
TIMSS 1998
§ Average across the subset of TIMSS 1998 countries that
participated and met sampling guidelines in TIMSS 1994
at both year 4/5 and year 8/9 levels.
Refer to years 4 or 5 in Australia.
Refer to years 8 or 9 in Australia. 
Country average significantly higher than
average across countries.
Country average not significantly different
from average across countries.
Country average significantly lower than
average across countries.
Significance tests adjusted for multiple comparisons.
1
2
Avg. Across Countries §
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Table 2.6     Average Science Achievement for Countries That Participated in TIMSS 1994 at Both 







































Avg. Across Countries § 524
Junior Secondary2
















Iran, Islamic Rep. 463
Cyprus 452
Avg. Across Countries § 521
Upper Primary1
Average Scale Score §
















Iran, Islamic Rep. 380
Avg. Across Countries § 514
TIMSS 1994
TIMSS 1998
§ Average across the subset of TIMSS 1998 countries that
participated and met sampling guidelines in TIMSS 1994
at both year 4/5 and year 8/9 levels.
Refer to years 4 or 5 in Australia.
Refer to years 8 or 9 in Australia. 
Country average significantly higher than
average across countries.
Country average not significantly different
from average across countries.
Country average significantly lower than
average across countries.
Significance tests adjusted for multiple comparisons.
1
2  
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AUSTRALIAN ACHIEVEMENT IN MATHEMATICS 
Overview 
This chapter: 
! presents the distribution of items in the mathematics content areas; 
! discusses the six content areas, providing examples of the easiest, the most difficult and the 
average of released1 items for Australian students; 
! compares the results of Australia, Canada, England, New Zealand, the United States, and the highest 
achieving country with the international average; and 
! presents examples of each content area on the Mathematics Item Response Theory (IRT) scale for 
Australian students. 
 
Distribution of items in mathematics content areas 
In the mathematics test, the content categories for TIMSS 1998 were the same as for TIMSS 1994. 
These were Algebra; Data representation, analysis and probability; Fractions and number sense; 
Geometry; Measurement; and Proportionality. 
Table 3.1 shows that in TIMSS 1998, nearly one third of items was allocated to the Fractions and 
number sense category, which makes it the major area of the mathematics test. Algebra, with 20 per cent 
of items allocated to it, was the next main area followed by Measurement, Geometry and Data 
representation, analysis and probability, each with an approximately equal percentage of items. The 
smallest content area was Proportionality,2 which contributed 8 per cent of the items. 
 
Table 3.1   Distribution of Items within the TIMSS 1994 and TIMSS 1998 Mathematics Content Areas 
Content area3 TIMSS 1994  TIMSS 1998 
    Number Per cent  Number Per cent 
Algebra    27  18  32   20 
Data representation, analysis     21   14    21   13 
Fractions and number sense    51   34    51   31 
Geometry    23   15    21   13 
Measurement    18   12    24   15 
Proportionality    11     7    13     8 
Mathematics in Total  151 100 162 100 
 
                                                     
1 Half the items in TIMSS 1998 were released in the public domain. The other half have been kept secure to measure changes 
over time. 
2 In the International Report, Proportionality items were mainly reported under the Fractions and number sense content area. 
Proportionality is reported separately in this chapter. 
3 In this chapter, the six content areas (as distinct from the five Reporting categories reported in the International Mathematics 
Report) are examined. 
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Items were developed to meet the following performance categories: 
! Knowing; 
! Performing routine procedures; 
! Using complex procedures; and 
! Solving problems. 
Reference is made to these categories in some of the discussion on items presented in this chapter. 
Organisation of each section 
In the following sections additional information is provided about each content area. Examples of the 
easiest, moderate, and the most difficult of the released items for Australian students are presented to 
illustrate the variety of items. Since only half the items have been released into the public domain it has 
not always been possible to give an example of the easiest or the most difficult item used in the TIMSS 
1998 test. 
For multiple-choice items, a tick (#) indicates the correct answer. For open-ended items, details of the 
International Coding Guides are included when appropriate. Examples of a range of correct and incorrect 
responses are provided to illustrate the Coding Guides. 
For each item, the country with the highest per cent correct on the item and the international average are 
given. The estimated overall percentage of students who answered the item correctly is shown for 
Australia, Canada, England, New Zealand and the United States. There were several reasons why 
Canada, England, New Zealand, the United States and the highest achieving country were selected to 
provide an international comparative view with Australias results. The achievement result for Canada in 
mathematics in TIMSS 1994 was not different from Australias while the achievement in England, New 
Zealand and the United States was significantly lower. In mathematics in TIMSS 1998 the achievement 
results for Canada were not different from Australias while those in New Zealand, England and the 
United States were still significantly lower. 
Canada was one of very few countries that showed a significant improvement between TIMSS 1994 and 
TIMSS 1998 in the achievement results in both mathematics and science. Australia, Canada and the 
United States are the only three countries in the study where each state or province is responsible for the 
curriculum, while England and New Zealand, like the majority of countries, have one curriculum for the 
country. 
The discussion also indicates, whenever possible, to which of the international levels4 of mathematics 
achievement the item belongs and whether the results for the listed countries were significantly different 
from the international average.5 
At the end of each section, each set of examples is plotted on the Mathematics IRT scale for Australian 
students. It shows the difficulty of the examples relative to all TIMSS 1998 mathematics items for 
Australian students in terms of a standardised IRT scale. The scale was standardised to have a mean of 
4876 and standard deviation of 100. The higher the position of the item on the map, the more difficult the 
item. 
Statistical terms and notations used were explained in Chapter 1. 
                                                     
4 The international levels of mathematics and science achievement are explained in Chapter 2. 
5 Note that when each countrys per cent correct was compared to the international average by the International Centre, the 
Dunn-Bonferroni adjustment was made for 38 comparisons. In this and the next chapter the adjustment made for the 38 
countries was maintained although usually only 6 countries are listed. 
6 The same as the overall international average for mathematics and each content area in mathematics. The mean of 487 allows 
comparison of the relative performance for each content area in Australia and internationally. 
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Algebra 
This content area included the following topics: 
! number patterns and simple relations; 
! simple algebraic expressions; 
! representing situations algebraically, formulas; and  
! solving simple equations and inequalities. 
The most difficult Algebra item for Australian students was answered correctly by an estimated7 20 per 
cent of Australian students. It was not released. The easiest item was answered correctly by an estimated 
83 per cent of Australian students. Relative to other content areas, algebra items overall were moderately 
difficult. Generally, Australian students did better in number patterns and in representing situations 
algebraically than in solving equations or dealing with expressions. 
Algebra 1 (A1) was the easiest algebraic item for Australians with 83 per cent of students choosing the 
correct answer (B), while 5 per cent of students thought that the correct answer was C, and 6 per cent 
thought that it was either A or D. This item required students to choose between formulas representing a 
situation algebraically. 
 
 Algebra 1: Symbolic linear equation of magazines 
_______________________________________________________________________________ 
 
  represents the number of magazines that Lina reads each week. Which of these represents the 
total number of magazines that Lina reads in 6 weeks? 
A. 6 +  
# B. 6 ×  
C.  + 6 
D. (  +  ) × 6 
M012048 
 
   
Per cent correct 
 
 Australia 83 (1.3) ▲9  
 Canada 86 (0.9) ▲  
 England 79 (1.6) ▲  
 New Zealand 77 (1.6) ▲  
 United States 86 (0.9) ▲  
 Highest achieving country:    
    Singapore 95 (0.6) ▲  
 
 
A1 was an easy item that the majority of students in the 
top 50 per cent of the international levels of 
mathematics achievement8 typically answered 
correctly. It required students to identify a linear 
expression corresponding to a verbal statement. The 
overall per cent correct achieved by Australian students 
together with those from Singapore, Canada, England, 
New Zealand and the United States was significantly 
higher than the international average. 
 
International average 72 (0.2)   
    
 
                                                     
7  Whenever statistics are discussed (eg. mean, per cent correct, etc) they refer to an estimate of the TIMSS 1998 population. 
8 The international levels of mathematics achievement (examined in Chapter 2) describe the tasks that students in the top 10 per 
cent, top 25 per cent, top 50 per cent and top 75 per cent typically answered correctly. The international level of achievement 
is only provided in those instances where the item meets the criteria for the level. 
9 ▲ Country average significantly higher than the international average. 
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Algebra 2 (A2) required some of the skills of Item A1 but it was more complex for Australian students 
because it contained two operations rather than one. Distractors in these two items were similar, but the 
format of A2 required a better understanding of algebraic symbols. In this item, 72 per cent of Australian 
students chose the correct answer (A), 12 per cent of students thought that the correct answer was C and 
12 per cent thought that it was D. The choice of C shows that those students were possibly not sure of 
the use of a coefficient or how to represent addition. 
 
 Algebra 2: Equation representing relationship 
_______________________________________________________________________________ 
 
 n is a number. When n is multiplied by 7, and 6 is then added, the result is 41. Which of these 
equations represents this relation? 
# A. 7n + 6 = 41 
B. 7n  6 = 41 
C. 7n × 6 = 41 
D. 7(n + 6) = 41 
M012012 
 
   
Per cent correct 
 
 Australia 72 (1.9) ▲  
 Canada 82 (1.0) ▲  
 England 62 (2.1) ● 10  
 New Zealand 58 (2.2) ▼11  
 United States 78 (1.3) ▲  
 Highest achieving country:    
    Hong Kong 93 (0.9) ▲  
 
 
A2 was an example of a simple algebraic equation, 
which required students to identify a linear equation 
corresponding to a verbal statement. It was an item that 
the majority of students in the top 50 per cent of the 
international levels of mathematics achievement 
answered correctly. The overall per cent correct for 
Australian, Canadian and United States students was 
significantly higher than the international average. 
 
International average 65 (0.3)   
    
 
                                                     
10 ● No statistically significant difference between country average and international average. 
11 ▲ Country average significantly lower than the international average. 
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Algebra 3 (A3) was more difficult for Australian students than the two previous items A1 and A2 
because it was more abstract. It required students to recognise equivalents of a simple algebraic 
expression. For item A3, 54 per cent of students chose the correct answer (B). Alternative C was a strong 
distractor for Australian students. It seems that most of those students who were not sure what k + k + k 
+ k + k meant, knew that k + k + k + k + k was not k + 5 or 5(k + 1). However, in narrowing the selection 
between 5k and k5 a third of the students made the wrong selection by selecting k5. 
 Algebra 3: Equivalent expression: k + k + k + k + k 
_______________________________________________________________________________ 
 
 For all numbers k,  
k + k + k + k + k  can be written as 
A.   k + 5 
# B.   5k 
C. k5 
D. 5(k + 1) 
M022165 
 
   
Per cent correct 
 
 Australia 54 (3.0) ●  
 Canada 56 (2.9) ●  
 England 48 (2.6) ▼  
 New Zealand 54 (2.9) ●  
 United States 46 (1.6) ▼  
 Highest achieving country:    
    Slovak Republic 80 (2.0) ▲  
 
 
The overall per cent correct for Australia, New Zealand 
and Canada was not statistically different from the 
international average but was significantly lower in the 
case of England and the United States. The Slovak 
Republic and Hong Kong SAR were the only countries 
where 80 per cent of students identified the correct 
response. 
 
International average 57 (0.4)   
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The most difficult of the released items for Australian students in Algebra was Algebra 4 (A4). In this 
item students were required to solve an equation. Although the performance category for this item is 
performing routine procedures, the number of steps required for the solution made the item difficult. 
Fewer than a third of Australian students wrote the correct answer (x = 7). At the same time 20 per cent 
did not attempt to solve the equation and nearly 50 per cent gave a range of wrong answers. 
 
 Algebra 4: Value of x in mathematical equation 
_______________________________________________________________________________ 
 






 Answer:  _____________________ 
M022089 
 
   
Per cent correct 
 
 Australia 31 (3.0) ▼  
 Canada 33 (3.1) ▼  
 England 26 (2.7) ▼  
 New Zealand 19 (2.0) ▼  
 United States 34 (1.8) ▼  
 Highest achieving country:    
    Japan 85 (1.4) ▲  
 
 
A4 was a difficult item in the top 25 per cent of the 
international levels of mathematics achievement. This 
item was challenging for students from Australia, 
Canada, England, New Zealand and the United States 
and their per cent correct was significantly below the 
international average. The three highest achieving 
countries were Japan (85 per cent correct), Hong Kong 
SAR and Korea (both 80 per cent correct). 
 
International average 44 (0.4)   
    
 
The Scoring Guide for item A4 was designed to identify mistakes such as  
12x + 6x = 10 + 32 or 
12x + 6x = 32  10 or 
12x  6x = 32  10 
These types of errors were coded as 70 and there were only three students in Australia who were given 
this code. Any other mistakes that led to an answer containing x were coded as 71 and all other incorrect 
answers were coded as 79. 
Among those Australian students whose answers were coded 71 were the following wrong solutions. 
Examples A4.1, 4.2 and 4.3, while different, share some common traits. In all these examples, students 
tried to apply a method they were taught about linear equations without understanding what they were 
doing to carry it through. 
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In Example A4.1 the student correctly moved the figure 10 with the opposite sign on the other side of the 




In Example A4.2 the student aimed to move all numbers of the equation with x on one side and all 
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In Example A4.3 the student was trying to make a correct algebraic transposition, but doing it on one 
side of the equation only, failed to get it right. It must be noted here that most of those students who had 
a wrong answer (code 71) did not show their working, so one can only guess how they obtained their 
answers. However, some answers were more common than others and x = 4 was one of the most 
common. It is possible that some of those students who had this answer obtained it the same way as the 
student in Example A4.3. 
Example A4.3 
 





This student who provided A4.4 showed some understanding on how to solve an equation. The main 
mistake is that in dividing by 6, the student failed to divide every figure in the equation. In addition, in 
dividing 6x by 6, the x was lost. However, the student was able to solve correctly the simpler equation 
2x10 = 32. 
Figure 3.1 presents the four items discussed in this section relative to all TIMSS 1998 mathematics items 
on the Mathematics IRT scale for Australian students. The scale was derived from a single IRT analysis 
of the mathematics item responses by Australian students. The scale was standardised to have a mean of 
487 and standard deviation of 100. It is possible to see that A3 is a moderately difficult item, not only for 
Algebra, but also for the whole set of mathematics items. The Mathematics IRT scale for Australian 
students also shows that A4 is approximately one standard deviation harder than A3 while A2 is 
approximately one standard deviation easier than A3. 
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A4 Find the value of x if 12 x  10 = 6 x + 32
Answer:  _____________________
M022089
A3 For all numbers k,
k + k + k + k + k  can be written as
A. k + 5
B. 5k
C. k5
D. 5(k + 1)
M022165
Hardest item in Algebra
(not released)
A2 n is a number.  When n is multiplied by 7,
and 6 is then added, the result is 41.  Which
of these equations represents this relation?
A. 7n + 6 = 41
B. 7n  6 = 41
C. 7n × 6 = 41
D. 7(n + 6) = 41
M012012
A1 represents the number of magazines
that Lina reads each week. Which of
these represents the total number of
magazines that Lina reads in 6 weeks?
A. 6 +
B. 6 ×
C.  + 6
D. (  + ) × 6
M012048
Easiest item  in Algebra
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Relative strengths and weaknesses 
This section examines the relative strengths and weaknesses of Australian students in Algebra. Table 3.2 
lists the Algebra topics, the topic difficulty12 of all items (released and secure) in the topic and the 
standard error. The number of items in each topic varied, as did the level of difficulty. Starting at the top 
of the table, the topic difficulties are listed from the easiest to the hardest for topics with three or more 
items. 
 
Table 3.2   Topics and Topic Difficulty in Algebra 
Topics Topic Difficulty (SE) No. of Items 
Number patterns and simple relations 0.64 (0.01) 5 
Simple algebraic expressions 0.54 (0.01) 6 
Representing situations algebraically; formulas 0.54 (0.01) 15 
Solving simple equations 0.51 (0.01) 5 
Solving simple inequalities 0.28 (0.02) 1 
 
Number patterns and simple relations was the easiest topic in Algebra for Australian students. Two other 
topics, Simple algebraic expressions and Representing situations algebraically, were of equal difficulty 
overall in Australia. A3 (in this chapter) represents an item of average difficulty in Simple algebraic 
expressions while A1 and A2 exemplify two of the easier items in Representing situations algebraically. 
Mathematics 1 (in Chapter 2) is also an item in Representing situations algebraically and formulas 
requiring students to generalise from the example given. Australian students found a) and b) easy in 
Mathematics 1 as they were able to extrapolate from the given chart, a performance expectation they did 
particularly well even in TIMSS 1994. However, the third step requiring students to generalise was a 
bigger challenge. 
Solving simple equations was a difficult topic for Australian students. A4 illustrates the types of 
mistakes made by Australian students using what are considered to be routine procedures. The topic 
difficulty would have been much lower were it not for one item (not released) which was answered 
correctly by 80 per of students. 
It is not appropriate to comment on Australian achievement in Solving simple inequalities as there was 
only one item. 
International standing in algebra 
The average scale score for Australian students in Algebra was significantly higher than the international 
average but significantly lower than for Chinese Taipei, the Republic of Korea, Singapore, Japan and 
Hong Kong SAR. However, it was not different from the achievement results of 13 other countries, 
including Belgium (Flemish), Hungary, Canada, the United States and England. 
                                                     
12 Topic difficulty is the arithmetic average of the per cent correct of all items in the topic. 
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Data representation, analysis and probability 
This content area included the following topics: 
! representation and interpretation of data in graphs, charts and tables;  
! arithmetic mean; and 
! understanding and calculations of simple probability. 
Data Representation, Analysis and Probability was a comparatively easy content area for Australian 
students. The most difficult item for Australian students in this content area was answered correctly by 
an estimated 29 per cent of Australian students. The easiest item was answered correctly by 94 per cent 
of Australian students. Both these items were not released. 
The item Data Representation, Analysis and Probability 1 (D1) is a typical example of a moderately 
difficult item for Australian students. It required calculations of simple probabilities. Nearly 73 per cent 
of Australian students identified the correct answer (C). The most frequently chosen distractor was B (12 
per cent), possibly because it contains 3 in the denominator and three was the last word of the question. 
 
 Data Representation, Analysis and Probability 1: Probability of drawing chip 
_______________________________________________________________________________ 
 
 The eleven chips shown below are placed in a bag and mixed. 
 
2 3 5 6 8
201814121110  
 
 Chelsea draws one chip from the bag without looking. What is the probability that Chelsea draws a 















   
Per cent correct 
 
 Australia 73 (2.5) ▲  
 Canada 74 (2.3) ▲  
 England 73 (2.7) ▲  
 New Zealand 60 (2.7) ▲  
 United States 77 (1.5) ▲  
 Highest achieving country    
    Republic of Korea 92 (1.1) ▲  
 
 
D1 was a difficult item in the top 25 per cent of the 
international levels of mathematics achievement. It was 
comparatively easier for students in Australia, Canada, 
England, New Zealand and the United States as shown 
by their significantly higher per cent when compared to 
the international average. Almost three-quarters of 
Australian students showed an elementary 
understanding of probability required to solve simple 
problems as in this example. 
 
International average 48 (0.4)   
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The item Data Representation, Analysis and Probability 2 (D2) was also an item of moderate difficulty 
for Australian students. Nearly 64 per cent of Australian students answered it correctly (C). Distractors 
B, D, E were chosen by 9 per cent, 11 per cent, and 11 per cent of the students respectively. Alternative 
A was chosen by less than 5 per cent of students. 
 
 Data Representation, Analysis and Probability 2: Defective light bulbs from random sample 
_______________________________________________________________________________ 
 
 From a batch of 3000 light globes 100 were selected at random and tested. 
If 5 of the light globes in the sample were found to be defective, about how 
many defective light globes would be expected in the entire batch? 
A.   15 
B.   60 





   
Per cent correct 
 
 Australia 64 (2.0) ●   
 Canada 67 (1.6) ●   
 England 59 (1.8) ●  
 New Zealand 56 (2.1) ●  
 United States 58 (1.2) ●   
 Highest achieving country:    
    Netherlands 86 (2.1) ▲  
 
 
D2 was an item testing simple probability. Students 
were required to predict the number of defective bulbs 
from a random sample. It was an easy item for students 
from the Netherlands and Hong Kong but a more 
challenging example of probability for Australian, 
Canadian, New Zealand, English and United States 
students. 
 
International average 62 (0.3)   
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The item Data Representation, Analysis and Probability 3 (D3) was the most difficult for Australian 
students and an unusual item in this content area. By Australian standards it should be placed in the 
Number strand in the Computation and Estimation sub-strand. However, the item was classified under 
Data Representation, Analysis and Probability in TIMSS 1998 as students needed to interpret the data. 
 
 Data Representation, Analysis and Probability 3: Cheaper magazine subscription 
_______________________________________________________________________________ 
 
 Chris plans to order 24 issues of a magazine. He reads the following advertisements for two 














 Which magazine is the least expensive for 24 issues? How much less expensive? 




   
Per cent correct 
 
 Australia 29 (2.0) ●   
 Canada 32 (1.8) ▲  
 England 17 (1.9) ▼  
 New Zealand 18 (1.7) ▼  
 United States 26 (1.4) ●   
 Highest achieving country:    
    Singapore 57 (2.1) ▲  
 
 
D3 was a multi-stage problem and the results show the 
percentage of students who gave a completely correct 
response. Students were asked to solve a complex word 
problem that involved decimals and whole numbers. 
This was an item in the top 10 per cent of the 
international levels of mathematics achievement. The 
percentage of Australian students giving a correct 
response was not significantly different from the 
international average but was significantly higher in the 
case of Canada and Singapore. 
 
International average 24 (0.3)   
    
This item contained tabular representation of data that is frequently used in real life, particularly in 
advertising. To solve this multi-stage problem students had to interpret the data and, therefore, it was 
placed in Representation and interpretation of data. D3 is a partial credit item.13 An estimated 29 per 
cent of Australian students received full credit (2) and another 31 per cent received partial credit (1), 
while 32 per cent of students failed to answer it correctly and 8 per cent did not attempt it. 
                                                     
13 Students received some credit (e.g. score of 1 out of 2) if part of the response was correct. 
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For this item the Scoring Guide had a variety of alternative codes for different correct and incorrect 
answers. Table 3.3 shows which alternatives were suggested by the Scoring Guide. All correct responses 
were scored as 2 (code 20 or 29), all partial responses were scored as 1 (code 10, 11, 12, 13 or 19), and 
an incorrect response was scored as 0 (code 79). 
Table 3.3   Scoring Guide for Data Representation, Analysis and Probability 314 
Code Response Item: M022256 
 Correct Response 
20 Teen Life. Calculations of both magazines are correct (60 ceds for Teen Life and 63 ceds for 
Pop News) and correct savings of 3 ceds 
29 Other correct (e.g., Teen Life. Calculation of one magazine correct, the other not shown, and 
correct savings of 3 ceds) 
 Partial Response 
10 Correct calculations (60 and 63 ceds), but incorrect or no magazine identified and/or no 
difference given 
11 Correct calculation for Pop News (63 ceds), but incorrect calculation for Teen Life 
12 Incorrect calculation for Pop News but correct calculation for Teen Life (60 ceds) 
13 Teen Life, 3 ceds. No work shown 
19 Other partially correct response (e.g., correct calculations but incorrect difference) 
 Incorrect Response 
79 Other incorrect (including crossed out/erased, stray marks, illegible, or off task) 
 Nonresponse 
99 BLANK  
 
Table 3.4 presents the distributions of correct and partially correct scoring alternatives given by markers 
to Australian students. 
Table 3.4   Distribution of Correct and Partially Correct Responses15 for Data Representation, 
Analysis and Probability 3 for Australian Students 
 Correct Responses Partially Correct Responses 
Code 20 29 Total 10 11 12 13 19 Total 
Per cent 98   2 100 26   7 63   3   1 100 
 
Nearly all students who received full credit were given code 20 (Example D3.1), with only a small 
proportion giving another correct answer (Code 29). 
Most of those students (63 per cent) who received a partial credit calculated correctly the price for Teen 
Life but failed to calculate correctly the price for Pop News (Code 12). The likely reason was that to 
calculate correctly the price for Pop News students had to deal with a decimal and for Teen Life they 
used only whole numbers (Example D3.2). 
                                                     
14 TIMSS-R Main Survey Scoring Guides for Mathematics and Science Free-Response Items. 
15 Note: The left-hand side of the table pertains to the 29 per cent of students who gave a fully correct answer and the right- 
 hand side to the 31 per cent who gave a partially correct answer. 
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The second-largest group of students who received partial credit (26 per cent) calculated the price for 
both magazines correctly, but the incorrect or no magazine was identified and/or no difference was 
given. Such answers were coded 10 (Example D3.3). 
Only a small percentage of students had answers that were coded 11, 13 or 19. One of the incorrect 














Figure 3.2 presents the three items discussed in this section relative to all TIMSS 1998 mathematics 
items on the Mathematics IRT scale for Australian students. It shows that D2 has an item difficulty just 
below the mean and that item D1 is less than one standard deviation below the mean. For item D3 the 
partial credit response was less than half a standard deviation above the mean, while full credit was 
nearly one and a half standard deviations above the mean. Item D3 was the hardest item in Data 
Representation, Analysis and Probability, but it was more than two standard deviations below the 
hardest item in the whole TIMSS 1998 Mathematics assessment. 
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Figure 3.2   Data Representation, Analysis and Probability Example Items on the Mathematics 
IRT Scale for Australian Students 
 
Hardest item in Data Representation,









D3. Chris plans to order 24 issues of a magazine. 
He reads the following advertisements for 
two magazines. Ceds are the units of 




Which magazine is the least expensive for 24 
issues? How much less expensive? 














3.5 ceds eachD. 300 
E. 600 
M012047 
Easiest item in Data Representation,









Chelsea draws one chip from the bag without 
looking. What is the probability that Chelsea 




are placed The eleven chips shown below





From a batch of 3000 light globes 100 were 
selected at random and tested. If 5 of the light 
globes in the sample were found to be 
defective, about how many defective light 
globes would be expected in the entire batch? 
D2. 
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Relative strengths and weaknesses 
This section discusses the relative strengths and weaknesses of Australian students in Data 
Representation, Analysis and Probability. Table 3.5 lists the topics in the content area, the topic 
difficulty of all items (released and secure) in the topic and the standard error. The number of items in 
each topic varied, as did the level of difficulty. The topic with one item is listed at the bottom of the 
table. 
 
Table 3.5   Topics and Topic Difficulty in Data Representation, Analysis and Probability 
Topics Topic Difficulty (SE) No. of Items 
Representation and interpretation of data in graphs, charts, and tables 0.73 (0.01) 13 
Simple probabilities − understanding and calculations 0.70 (0.01) 7 
Arithmetic mean 0.73 (0.01) 1 
 
Australian students average achievement in the two topics Representation and interpretation of data in 
graphs, charts, and tables; and Simple probabilities − understanding and calculations was very good, 
with overall between 70 and 73 per cent of Australian students answering items on each topic correctly. 
D3 and Mathematics 4 (the latter in Chapter 2) are examples of Representation and interpretation of data 
in graphs, charts and tables. D3 was the most difficult item in the content area Data Representation, 
Analysis and Probability. It was particularly demanding as it required the multiplication of decimals, a 
routine procedure that was difficult for Australian students in TIMSS 1994 and was still proving difficult 
in TIMSS 1998. Mathematics 4 represents data graphically and Australian students in both TIMSS 1994 
and TIMSS 1998 showed they were particularly good in the interpretation of charts and graphs.  
D1 and D2 represent moderately difficult items in Simple probabilities; the first one is an example of 
solving, the second of predicting. Compared to results internationally, Australian students achievement 
was above the international average for D1 and not different from the international average in D2. 
It is not appropriate to comment on the mean Australian achievement in Arithmetic as there was only 
one item. 
International standing in data representation, analysis and probability 
The average scale score for Australian students in Data Representation, Analysis and Probability was 
significantly higher than the international average. Four Asian countries, the Republic of Korea, 
Singapore, Chinese Taipei and Japan, had significantly higher sores. Australias achievement results 
were not different from 13 other countries, including Hong Kong, Netherlands, Hungary, Canada, 
England, the United States and New Zealand. 
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Fractions and number sense 
This content area included the following topics: 
! whole numbers including place values, factorisation and operations; 
! understanding and representing common and decimal fractions; 
! computations with common and decimal fractions; 
! relationships between common and decimal fractions; 
! rounding whole numbers and decimal fractions; 
! estimation of the results of computations; and 
! computations with percentages. 
The content area Fractions and Number Sense contained nearly one-third of all mathematics items (51 
out of 162) with a broad range of difficulties. The hardest item for Australian students was answered 
correctly by 20 per cent of them, the easiest by 94 per cent. 
One of the easiest items in this content area for Australian students was the item Fractions and Number 
Sense 1 (F1). It required rounding of whole numbers and 91 per cent of Australian students chose the 
correct answer (B). Alternatives A, C, and D were chosen by approximately 4 per cent, 2 per cent, and 3 
per cent of the students respectively. 
 
 Fractions and Number Sense 1: Sum closest to 691 + 208 
_______________________________________________________________________________ 
 
 The sum 691 + 208 is closest to the sum 
A. 600 + 200 
# B. 700 + 200 
C. 700 + 300 
D. 900 + 200 
M012045 
 
   
Per cent correct 
 
 Australia 91 (0.8) ▲  
 Canada 93 (0.7) ▲  
 England 92 (1.0) ▲  
 New Zealand 88 (1.0) ▲  
 United States 93 (0.7) ▲  
 Highest achieving country:    
    Singapore 97 (0.5) ▲  
 
 
F1 was an easy item that the majority of students in the 
top 75 per cent of the international levels of 
mathematics achievement usually answered correctly. 
This item provided evidence that students could round 
whole numbers. Most students in their second year of 
high school were able to choose the correct answer. 
 
International average 80 (0.2)   
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Fractions and Number Sense 2 (F2) required an understanding of decimal fractions. It was an item of 
moderate difficulty for Australians, with 67 per cent of students choosing the correct answer (B). The 
most often selected distractor was A (26 per cent), probably by students who had difficulties 
distinguishing between tenths and hundredths. 
 
 Fractions and Number Sense 2: Identify decimal equivalent to two hundred and six and nine-tenths 
_______________________________________________________________________________ 
 
 Which number is two hundred and six and nine-tenths? 
A. 206.09 





   
Per cent correct 
 
 Australia 67 (2.7) ●  
 Canada 77 (2.0) ▲  
 England 53 (2.8) ▼  
 New Zealand 53 (2.7) ▼  
 United States 80 (1.2) ▲  
 Highest achieving country:    
    Hungary 97 (0.9) ▲  
 
 
F2 was a moderately difficult item that the majority of 
students in the top 50 per cent of the international 
levels of mathematics achievement typically answered 
correctly. The percentage of Australian students who 
answered this item correctly was not significantly 
different from the international average but 
significantly below Hungarys  the highest achieving 
country. Almost a third of Australian students in their 
second year in high school had difficulty identifying 




65 (0.4)   
    
 
Fractions and Number Sense 3 and 4 (F3 and F4) were the most difficult items for Australian students in 
this content area. Both of them dealt with the division of fractions and are examples of the category 
Performing Routine Procedures. However, the multi-stage procedures required for these items may not 
have been routine exercises for most Australian students. 
Item F3 was an open-ended item requiring the division of simple fractions and the majority of students 
(63 per cent) computed their answer incorrectly and another 14 per cent did not attempt it. 
 




6  ÷ 25
3  = 
 
 Answer:  ____________________ 
M022026 
 
   
Per cent correct 
 
 Australia 23 (2.4) ▼  
 Canada 32 (3.0) ▼  
 England   4 (1.3) ▼  
 New Zealand 10 (2.0) ▼  
 United States 37 (2.3) ▼  
 Highest achieving country:    
    Singapore 84 (1.9) ▲  
 
 
F3 was a difficult item that students in the top 25 per 
cent of the international levels of mathematics 
achievement typically answered correctly. This item 
was relatively easy for several Asian and Central 
European countries. However it was a very demanding 
item for students in Australia, Canada, England, New 
Zealand and the United States. These five countries 
achieved significantly below the international average. 
 
International average 45 (0.4)   
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The Scoring Guide recommended Code 10 for the correct answer 
11
10 , with code 19 for any other correct 




150 , 0.909, 0.91, etc.). Code 70 was allocated for any fraction with 2 as a numerator, 
and Code 79 for other incorrect responses. Of the 23 per cent of Australian students who answered this 
item correctly, only a small proportion of these students (4 per cent) received Code 19 (any other correct 
fraction). Among those who failed to calculate the correct answer, approximately 20 per cent had Code 
70 as in Example F3.1. The student correctly cancelled numerators, but then divided 55 by 2 (27.5), 




Example F3.2 shows another type of error. This time the student has 2 in the denominator possibly 
because of an incorrect division (like 50/25) or because he or she rounded off the result of the correct 




Answers such as those in Example F3.2 appear more often than the solution in Example F3.1. 
Appropriate statistics on how often these different solutions were used could not be calculated because 
all of them were given the same code (70). 
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The item Fractions and Number Sense 4 (F4) had a multiple-choice format. Students were more likely to 
attempt an item if it was in a multiple-choice format than open-ended. The item format is a likely 
explanation as to why only 2 per cent (compared to 14 per cent in item F3) did not attempt this item. 
However, fewer students (20 per cent compared to 23 per cent for F3) chose the correct answer (E). 
Students who chose distractor A (27 per cent); B (26 per cent); C (12 per cent); or D (12 per cent), had 
difficulties with the decimal point while performing a division. For example, those students who chose 
distractor B would have divided 15.45 by 3 rather than by 0.003. 
 
 
 Fractions and Number Sense 4: Division of decimals 
_______________________________________________________________________________ 
 





# E. 5150 
M022031 
 
   
Per cent correct 
 
 Australia 20 (2.2) ▼  
 Canada 39 (2.0) ●  
 England 16 (1.9) ▼  
 New Zealand 21 (1.7) ▼  
 United States 39 (1.9) ●  
 Highest achieving country:    
    Japan 70 (2.0) ▲  
 
 
F4 was a very challenging item for Australian, New 
Zealand and English students, who had difficulty 
dealing with the division of decimals. The achievement 
for students in Canada and the United States was not 
different from the international average. However, this 
contrasts with students in Japan, the Slovak Republic, 
the Russian Federation, Hong Kong, Lithuania, 
Chinese Taipei, Hungary and Korea where about two-
thirds of students taking part in TIMSS 1998 selected 
the correct answer. 
 
International average 39 (0.4)   
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Figure 3.3 shows the relative difficulty of items F3 and F4 compared to the other two items. F3 and F4 
were multiple steps problems with students requiring skills in division of fractions or decimals. 
















Easiest item in Fractions and Number 
Sense 
F1. The sum 691 + 208 is closest to the sum 
A. 600 + 200 
B. 700 + 200 
C. 700 + 300 
D. 900 + 200 
M012045







Hardest item in Fractions and Number 
Sense (not released) 












 Answer:  __________________ 
M022026
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Relative strengths and weaknesses 
Table 3.6 presents the topics in Fractions and Number Sense, the topic difficulty of all items (released 
and secure) in the topic and the standard error. The number of items in each topic varied, as did the level 
of difficulty. The topics with one or two items are listed at the bottom of the table. 
 
Table 3.6   Topics and Topic Difficulty in Fractions and Number Sense 
Topics Topic Difficulty (SE) No. of Items 
Estimating the results of computations 0.74  (0.01) 5 
Understanding and representing common fractions 0.72  (0.01) 12 
Rounding whole numbers and decimal fractions 0.64  (0.01) 5 
Understanding and representing decimal fractions 0.62  (0.01) 3 
Relationships between common and decimal fractions,  
ordering of fractions 
0.54  (0.01) 3 
Computations with decimal fractions 0.46  (0.01) 9 
Computations with common fractions 0.42  (0.01) 9 
Whole numbers including place values, factorisation and 
operations 
0.75  (0.01) 2 
Number lines 0.83  (0.014) 1 
Computations with percentages and problems involving 
percentages 
0.59  (0.017) 2 
 
Australian students average achievement was very good in Estimating the results of computations; 
Understanding and representing common fractions; Rounding whole numbers and decimal fractions; and 
Understanding and representing decimal fractions. They were also reported as having done particularly 
well in estimating and rounding in TIMSS 1994. F1 is an example of an item requiring rounding of 
whole numbers using complex procedures 16 that Australian students found very easy.  
The topic Relationships between common and decimal fractions, ordering of fractions was more difficult 
for Australians. F2 is an example of a moderately difficult item in the Relationship topic. On the other 
hand, both Computations with decimal fractions and Computations with common fractions were more 
demanding for Australian students in both TIMSS 1994 and again in TIMSS 1998. F3 and F4 present an 
example of each topic. Both items were classified as using routine procedures but the demands of these 
items had not as yet become routine for Australian students. 
There were too few items in Whole numbers including place values, factorisation and operations; 
Number lines; and Computations with percentages and problems involving percentages to comment 
meaningfully on Australian achievement.  
International standing in fractions and number sense 
The average scale score for Australian students in Fractions and Number Sense was significantly higher 
than the international average, but significantly lower than five Asian countries, Singapore, Hong Kong, 
Chinese Taipei, Republic of Korea and Japan, and equal to 11 other countries including Canada, 
Malaysia, Finland, the Russian Federation and the United States. 
                                                     
16 As defined in the official documentation of TIMSS 1998. 
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Geometry 
This content area included the following topics: 
! Cartesian coordinates of points in a plane and on a given straight line; 
! simple two-dimensional geometry; 
! congruence and similarity; 
! symmetry and transformation; and 
! visualisation of three-dimensional shapes. 
The questions classified under this content area focused on a conceptual understanding of geometric 
figures and their properties. The easiest Geometry item for Australian students was answered correctly 
by 75 per cent of students while the most difficult item was answered correctly by 30 per cent of 
Australian students. 
Geometry 1 (G1) required visualisation of three-dimensional shapes. This item was the easiest item in 
geometry for Australian students, with 75 per cent of students choosing the correct answer (C). 
Alternative D attracted only 3 per cent of students. The most frequent distractor was B (14 per cent). The 
white circle represented a natural top of the cube, so fewer students chose alternative A (7 per cent), 
where the black circle was shown on the top.  
 





 Which of these cubes could be made by folding the figure above? 
 




   
Per cent correct 
 
 Australia 75 (1.8) ▲  
 Canada 74 (1.1) ▲  
 England 64 (2.2) ●  
 New Zealand 70 (1.6) ▲  
 United States 65 (1.1) ▲  
 Highest achieving country:    
    Japan 89 (0.6) ▲  
 
 
G1 was a moderately difficult item internationally. 
Students were required to visualise the arrangement of 
faces of a cube when shown its net. However, three-
quarters of Australian and Canadian students selected 
the correct response, a result that is significantly above 
the international average. More than 80 per cent of 
students in Asian countries, including Korea, Hong 
Kong, Singapore and Chinese Taipei as well as those in 
the Netherlands and Belgium (Flemish) picked the 
correct answer. 
 
International average 59 (0.3)   
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Geometry 2 (G2) required knowledge of the properties of simple two-dimensional figures. It was an item 
of moderate difficulty for Australian students and 61 per cent identified the correct answer (E). 
Distractor D was the most often selected (21 per cent). 
 
 Geometry 2: Not true for all rectangles 
_______________________________________________________________________________ 
 
 Of the following, which is NOT true for all rectangles? 
A. The opposite sides are parallel. 
B. The opposite sides are equal. 
C. All angles are right angles. 
D. The diagonals are equal. 
# E. The diagonals are perpendicular. 
M022246 
 
   Per cent correct  
 Australia 61 (2.0) ●   
 Canada 55 (3.1) ●  
 England 58 (2.8) ●  
 New Zealand 53 (2.2) ●  
 United States 46 (1.8) ▼  
 Highest achieving country:    
    Japan 76 (1.6) ▲  
 
 
G2 was a moderately difficult item requiring students 
to eliminate false statements about the properties of 
rectangles. The results for Australia, Canada, England 
and New Zealand were not different from the 
international average, but that of the United States was 
below. 
 
International average 54 (0.4)   
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Geometry 3 (G3) was the second most difficult item in Geometry for Australian students. Like G2, it 
also required knowledge of properties of simple two-dimensional figures and in addition calculations 
were required to identify the correct answer. It is not surprising, therefore, that 41 per cent of students 
chose E rather than A as the correct answer (36 per cent). Among the other alternatives the most 
frequently selected was B (15 per cent), probably because the third angle of the given quadrilateral was 
also 70o. The performance category of this item is Solving Problems. 
 
 Geometry 3: Measure of angle in quadrilateral 
_______________________________________________________________________________ 
 
 In a quadrilateral, each of two angles has a measure of 115°. If the measure of a third angle is 70°, 
what is the measure of the remaining angle? 




E. None of the above 
M022085 
 
   Per cent correct  
 Australia 36 (2.3) ●   
 Canada 36 (3.0) ●  
 England 43 (2.9) ●  
 New Zealand 27 (2.3) ▼  
 United States 19 (1.3) ▼  
 Highest achieving country:    
    Japan 73 (1.7) ▲  
 
 
G3 was internationally a difficult item and the 
percentage of students in Australia, Canada and 
England who chose the correct answer was low but not 
different from the international average, while those for 
New Zealand and the United States were below. Japan 
and Belgium (Flemish) were the only countries where 
70 per cent of students or more identified the correct 
response. 
 
International average 40 (0.4)   
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The position of the Geometry items on the Australian scale is presented in Figure 3.4. It shows that the 
easiest item G1 is almost one standard deviation below the mean of 487, that G2 is very close to the 
mean difficulty of all TIMSS 1998 Mathematics items and that G3 is more than one standard deviation 
above the mean difficulty. 









Easiest item in Geometry 
G3. In a quadrilateral, each of two angles 
has a measure of 115°.  If the measure 
of a third angle is 70°, what is the 





E. None of the above 
M022085
G2. Of the following, which is NOT true for all 
rectangles? 
A. The opposite sides are parallel. 
B. The opposite sides are equal. 
C. All angles are right angles. 
D. The diagonals are equal. 
E. The diagonals are perpendicular. 
M022246





 Which of these cubes could be made by 
folding the figure above? 
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Relative strengths and weaknesses 
Table 3.7 lists the topics in Geometry, the topic difficulty of all items (released and secure) in the topic 
and the standard error. The number of items in each topic varied, as did the level of difficulty. The topics 
with one or two items are listed at the bottom of the table. 
 
Table 3.7   Topics and Topic Difficulty in Geometry 
Topics Topic Difficulty (SE) No. of Items 
Symmetry and transformations (reflection and rotation) 0.56  (0.01) 4 
Congruence and similarity 0.53  (0.01) 6 
Simple two dimensional geometry − angles on a straight line, 
parallel lines, triangles and quadrilaterals 
0.50  (0.01) 6 
Cartesian coordinates of points in a plane 0.74  (0.02) 1 
Visualisation of three-dimensional shapes 0.73  (0.01) 2 
Coordinates of points on a given straight line 0.50  (0.02) 2 
 
Symmetry and transformations (reflection and rotation); Congruence and similarity; and Simple two-
dimensional geometry − angles on a straight line, parallel lines, triangles and quadrilaterals; were 
moderately difficult to difficult for Australian students. G2 represents a moderately difficult item in the 
topic Simple two-dimensional geometry. G2 required students to recall mathematical properties while 
G3, another Simple two-dimensional geometry − angles on a straight line, parallel lines, triangles and 
quadrilaterals item was more difficult as it required calculations to identify the correct answer.  
There were very few items in the other three topics to determine the relative strengths and weaknesses of 
Australian students. However, from the few examples on offer, Australian students found Cartesian 
coordinates of points in a plane; and Visualisation of three-dimensional shapes easy as illustrated by 
examples Mathematics 3 (in Chapter 2) and G1.  
International standing in geometry 
Geometry was the only content area where the average scale score for Australian students was not 
significantly different from the international average. Eight Asian and European countries, Japan, 
Republic of Korea, Singapore, Chinese Taipei, Hong Kong SAR, Belgium (Flemish), the Slovak 
Republic and Bulgaria had average scale scores that were significant higher than Australias. The 
Australian achievement was not statistically different from that of 17 other countries including Canada, 
Malaysia and New Zealand.  
Mathematics and Science Achievement of Junior Secondary School Students in Australia 63
Measurement 
This content area included the following topics: 
! units of measurement; 
! reading measurement instruments; 
! estimates of measurement; 
! perimeter and areas of simple and combined shapes; and 
! volume of rectangular solids. 
In this content area, students were expected to have a conceptual and procedural understanding of 
measurement units and the ability to use this understanding to solve problems related to perimeter, area 
and volume. Measurement, having approximately the same number of items as Geometry (24 against 
22), had a wider range of difficulties. The easiest item was answered correctly by 91 per cent of 
Australian students and the most difficult 18 per cent. 
Measurement 1 (M1), the easiest item in measurement for Australians, required an understanding of 
units of metric measurement and 91 per cent of students in Australia chose the correct answer (C). 
 Measurement 1: Units to measure mass of egg 
_______________________________________________________________________________ 
 
 What units would be best to use to measure the weight (mass) of an egg? 
A.   centimetres 
B.   millilitres 
   # C.   grams 
D.   kilograms 
M012023 
 
   
Per cent correct 
 
 Australia 91 (1.1) ▲  
 Canada 85 (0.9) ▲  
 England 86 (1.3) ▲  
 New Zealand 87 (1.0) ▲  
 United States 68 (1.4) ▼  
 Highest achieving country:    
    Japan 98 (0.4) ▲  
 
 
M1 required students to recall the appropriate metric 
unit to measure the mass of an egg. The use of metric 
measurement in many countries including Australia 
made this an easy item. This was more difficult in the 
United States where the metric measure is unlikely to 
be used outside the classroom. In 12 countries, 
including Australia, 90 per cent or more of students 
selected the correct response. 
 
International average 81 (0.2)   
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Measurement 2 (M2) involved calculations of an area of a combined shape. It was an item of moderate 
difficulty in Australia, with 52 per cent of students choosing the right answer (B). The most often 
selected distractor was C (24 per cent). These students possibly mistakenly calculated the area of the 
garden as a 10 × 10 square, so the area of the path became 144  100 = 44 m2. Distractor A was chosen 
by 16 per cent of students. The most likely explanation is that the students calculated the area of path 
and garden together without subtracting the area of the garden. 
 
 Measurement 2: Area of path around garden 
_______________________________________________________________________________ 
 









 What is the area of the path? 
A.  144 m2 
# B.  64 m2 
C.  44 m2 
D.  16 m2 
M022022 
 
   
Per cent correct 
 
 Australia 52 (2.6) ▲  
 Canada 51 (3.0) ●   
 England 40 (3.3) ●   
 New Zealand 40 (2.6) ●  
 United States 33 (1.6) ▼  
 Highest achieving country:    
 Hong Kong  79 (2.0) ▲  
 
 
M2 was an item that students in the top 10 per cent of 
the international levels of mathematics achievement 
typically answered correctly. This item required 
students to find the area between two rectangles, one 
inside the other. Half of the Australian students were 
able to select the correct answer and this result was 
significantly higher than the international average. The 
results for Canada, England and New Zealand were not 
statistically different from the international average 
while it was lower for the United States. More than 70 
per cent of students in Hong Kong, Singapore, Japan 
Chinese Taipei identified the correct response. 
 
International average 42 (0.4)   
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Measurement 3 (M3) was the most difficult Measurement item for Australian students because it 
involved calculations of the perimeter of a rectangle without specific dimensions. Its performance 
category was Problem Solving. The most popular choice of an incorrect response was A (61 per cent), 
probably because the word twice is mentioned in the stimulus and 2 is a denominator in the distractor. 
The correct answer D was identified by 18 per cent of students and 12 per cent thought that the right 
answer was C, thinking that the rectangle was a square. 
 
 Measurement 3: Ratio of width/perimeter in rectangle 
_______________________________________________________________________________ 
 



















   
Per cent correct 
 
 Australia 18 (2.5) ●   
 Canada 16 (1.6) ▼  
 England 13 (2.0) ▼  
 New Zealand 16 (1.8) ●  
 United States 11 (1.3) ▼  
 Highest achieving country:    
    Singapore 56 (2.9) ▲  
 
 
M3 was a very difficult item and fewer than 20 per cent 
of Australian students selected the correct response  a 
result that was not different from the international 
average. In only two countries, Singapore and Chinese 
Taipei, did more than 50 per cent of students choose 
the correct answer. 
 
International average 22 (0.3)   
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Figure 3.5 presents the spread of the Measurement items discussed in this section for Australia. It shows 
that both the easiest and most difficult items are about two standard deviations away from the mean of 
487. 























Garden 8 m12 m
12 m
Path
Easiest item in Measurement 
M1. What units would be best to use to 






Hardest item in Measurement   
(not released) 
M2. A rectangular garden that is next to a 
building has a path around the other three 
sides, as shown. 
 
 
 What is the area of the path? 
A.  144 m2 
B.  64 m2 
C.  44 m2 
D.  16 m2 
M022022
M3. The rectangle below is twice as long as it 




 What is the ratio of the width of the 
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Relative strengths and weaknesses 
Table 3.8 lists the topics in Measurement, the topic difficulty of all items (released and secure) in the 
topic and the standard error. The number of items in each topic varied, as did the level of difficulty. 
Topics with one or two items are listed at the bottom of the table. 
 
Table 3.8   Topics and Topic Difficulty in Measurement 
Topics Topic Difficulty (SE) No. of Items 
Units of measurement, standard metric units 0.68 (0.01) 5 
Estimates of measurement, accuracy of measurement 0.65 (0.01) 4 
Perimeter and area of combined shapes 0.47 (0.01) 7 
Perimeter and area of simple shapes − triangle, rectangles and circles 0.36 (0.01) 5 
Reading measurement instruments 0.83 (0.01) 2 
Volume of rectangular solids  0.72 (0.01) 1 
 
Overall, the two topics Units of measurement, standard metric units; and Estimates of measurement, 
accuracy of measurement were the easiest for Australian students in Measurement. M1 was the easiest 
item in Units of measurement for Australian students and internationally. It required recalling 
mathematical properties. 
M2 is an example of Perimeter and area of combined shapes; and M3 an example of Perimeter and area 
of simple shapes − triangle, rectangles and circles. Both topics were difficult for Australian students as 
well as internationally. Both items required students to find a solution, M2 involving numbers and M3 
was more complex and more abstract.  
There were too few items in Reading measurement instruments; and Volume of rectangular solids to 
make meaningful comments. 
International standing in measurement 
The average scale score for Australian students in Measurement was significantly higher than the 
international average but significantly lower than five Asian countries, Singapore, Republic of Korea, 
Hong Kong SAR, Chinese Taipei and Japan. Australias results were not statistically different from 
those in 10 other countries including Slovak and Czech Republics, Canada and Malaysia. 
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Proportionality 
This content area included the following topics: 
! scales applied to maps and models; and 
! ratio and proportion problems. 
This content area was not reported separately in the International Report as there were only 13 items (8 
per cent of mathematics items). However, it presents interesting examples of what Australian students 
find challenging and is therefore worth discussing separately. 
Relative to the other content areas Proportionality was the most difficult in Australia. The easiest item in 
Proportionality for Australia was answered correctly by 81 per cent of Australian students and the most 
difficult by 12 per cent. 
Proportionality 1 (P1) was the easiest Proportionality item for Australian students of the released items. 
Eighty per cent of students chose the correct answer (C). The most often chosen distractor was B (9 per 
cent) and then A (6.5 per cent), probably because both 7 and 13 were mentioned in the stimulus. 
 
 Proportionality 1: Value of x from equivalent ratios 
_______________________________________________________________________________ 
 
 If the ratio 7 to 13 is the same as the ratio x to 52, what is the value of x? 
A. 7 
B. 13 




   
Per cent correct 
 
 Australia 80 (1.3) ▲  
 Canada 84 (1.1) ▲  
 England 73 (1.8) ●   
 New Zealand 73 (1.5) ●  
 United States 78 (1.2) ▲  
 Highest achieving country:    
    Singapore 96 (0.8) ▲  
 
 
P1 was a moderately difficult item internationally, but 
was relatively easy for students in Australia, Canada 
and the United States. Students in these three countries 
achieved significantly above the international average. 
In three countries, Singapore, the Republic of Korea 
and Chinese Taipei, 90 per cent or more of students 
chose the correct answer. 
 
International average 69 (0.2)   
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Proportionality 2 (P2) was the second easiest of the released items for Australian students, with 72 per 
cent of them choosing the correct answer (A). The most frequently chosen distractor was B (21 per cent) 
possibly because 100 was also mentioned in the stimulus. 
 
 Proportionality 2: Calories in portion of food from ratio 
_______________________________________________________________________________ 
 
 If there are 300 calories in 100 g of a certain food, how many calories are there in a 30 g portion of 
this food? 







   
Per cent correct 
 
 Australia 72 (1.1) ●   
 Canada 73 (1.1) ▲  
 England 70 (1.2) ●   
 New Zealand 69 (1.1) ●  
 United States 68 (0.9) ●   
 Highest achieving country:    
    Singapore 90 (0.7) ▲  
 
 
In P2 students were required to solve a problem 
involving ratio. The results for Australia, England, 
New Zealand and the United States were not different 
from the international average, while Canadas result 
was above. Singapore was the only country where 90 
per cent of students were able to select the correct 
answer. 
 
International average 70 (0.2)   
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Proportionality 3 (P3) belonged to the Problem Solving performance category. In part a) 32 per cent of 
students wrote the right answer (7 boxes). At the same time nearly 14 per cent of all Australian students 
did not try to answer this question and nearly 2 per cent of students did not reach this item. In part b), 12 
per cent gave the right answer (
5






28 , etc.), 19 per cent did not attempt it, 
although they had tried part a), and 5 per cent did not reach the item. Part b) was the most difficult 
Proportionality item for Australian students. 
 
 Proportionality 3: Ratio and proportion of two types of boxes 
_______________________________________________________________________________ 
 A book publisher sent 140 copies of a certain book to a bookshop. The publisher packed the books 
in two types of boxes. One type of box held 8 copies of the book, and the other type of box held 12 
copies of the book. The boxes were all full, and there were equal numbers of both types of boxes. 
 





 Answer:  ___________________ 
 
 





 Answer:  __________________ 
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Per cent correct 
 
 Australia 32 (1.9) ▲  
 Canada 31 (1.3) ▲  
 England 24 (2.0) ●   
 New Zealand 24 (2.2) ●  
 United States 26 (1.6) ●   
 Highest achieving country:   
    Singapore 62 (2.9) ▲  
 
 
P3: Part a) 
Both parts of this item were difficult though students 
found part b) more difficult. The overall per cent 
correct was higher than the international average for 
both Australia and Canada and not different from the 
international average for England, New Zealand and 
the United States. Apart from Singapore, Chinese 
Taipei was the only other country where approximately 
60 per cent of students answered the item correctly. 
 
International average 26 (0.3)   
    
   
Per cent correct 
 
 Australia 12 (1.5) ●   
 Canada 14 (1.1) ●   
 England   9 (1.9) ●   
 New Zealand 10 (1.5) ●  
 United States 11 (0.8) ●  
 Highest achieving country:    
    Singapore 48 (3.0) ▲  
 
 
P3: Part b) 
Despite the very low percentage of students providing 
the correct answer, the results for Australia, Canada, 
England, New Zealand and the United States were not 
different from the international average. In addition to 
Singapore, only four other countries, Hong Kong, 
Chinese Taipei, Japan and the Republic of Korea had a 
significantly higher country average than the 
international average. 
 
International average 12 (0.3)   
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For Part a), the Scoring Guide did not identify any typical mistakes. For Part b), however, there were 
three types of incorrect answers that were coded differently. 
Table 3.9 presents the distributions of correct and incorrect scoring alternatives given by markers to 
Australian students for Part b). It shows that nearly 22 per cent of those students who had an incorrect 
answer thought that there was an equal number of books in the bigger and smaller boxes and, therefore, 
wrote 
2
1  as the fraction of the books sent to the bookshop packed in the smaller boxes (code 70). 
Another 8 per cent gave a ratio of the number of books in boxes of smaller size to the number of books 
in boxes of bigger size (
12
8  or 
3
2  or 
84
56 ). They were coded 71. This is a common mistake with ratios. 
 
Nearly 15 per cent of students gave an integer answer (code 72). Very few students (2 per cent) who 
failed to solve Part a) had the correct answer to Part b). Other incorrect answers were coded as 79. 
 
Table 3.9   Distribution of Correct and Incorrect Responses for Item P3b for Australian Students 
 Correct Responses17 Incorrect Responses 
Code 10 11 Total 70 71 72 79 Total 
Per cent 78 22 100 22   8 15 55 100 
 
Examples P3.1 and P3.2 present somewhat different methods used by students to calculate correctly the 
number of boxes required in Part a). In Part b) both examples show that some students gave the ratio of 
the smaller sized boxes to the larger-sized boxes (which is incorrect) rather than the ratio of the number 
of books in the smaller sized boxes to the number of books. 
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17 The left-hand side of the table pertains to the 12 per cent of students who gave a correct answer and the right-hand side to the 
64 per cent who gave a wrong answer. 
Example P3.1 
 





The Mathematics IRT scale for Australian students for the Proportionality example items is shown in 
Figure 3.6. It demonstrates that item P3 a) is more than one standard deviation easier than item P3 b). It 
also shows that item P1, which is the easiest item in the content area, is less than one standard deviation 
below the mean. 
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P3. A book publisher sent 140 copies of a certain
book to a bookshop. The publisher packed the
books in two types of boxes. One type of box
held 8 copies of the book, and the other type
of box held 12 copies of the book. The boxes
were all full, and there were equal numbers of
both types of boxes.
a) How many boxes holding 12 books were
sent to the bookshop?
Answer:  ___________________
b) What fraction of the books sent to the
bookshop were packed in the smaller boxes?
Answer:  __________________
M022231
P2. If there are 300 calories in 100 g of a
certain food, how many calories are there







P1. If the ratio 7 to 13 is the same as the ratio






Easiest item  in Proportionality
P3 b)
bbb)b)
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Relative strengths and weaknesses 
Table 3.10 presents the topics in Proportionality, the topic difficulty of all items (released and secure) in 
the topic and the standard error. The number of items in each topic varied, as did the level of difficulty.   
 
Table 3.10   Topics and Topic Difficulty in Proportionality 
Topics Topic Difficulty (SE) No. of Items 
Algebraic concepts of ratio and proportion; ratio and proportion 
problems 
0.64  (0.01) 3 
Numeric concepts of ratio and proportion; ratio and proportion 
problems 
0.45  (0.007) 9 
Scales applied to maps and models 0.64  (0.021) 1 
 
Overall, it was easier for students to answer items relating to Concepts of ratio and proportion; ratio and 
proportion problems if they were algebraic, as in P1, rather than numeric as in P2 and P3. The last two 
items were also more difficult as while P1 was considered to be a routine procedure, P2 required 
calculation and P3 conjecturing. Part b) of P3 was particularly demanding as it combined both fractions 
and proportions  two difficult topics for Australian students. 
International standing in proportionality 
Proportionality was not reported separately in the International Report.  Two items were included in the 
Algebra content area, the others in Fractions and number sense.  In both these content areas, Australias 
results were significantly higher than the international average. 
Summary 
This chapter examined in some detail six content areas in Mathematics: Algebra; Data Representation, 
Analysis and Probability; Fractions and Number Sense; Geometry; Measurement; and Proportionality.  
Easy, moderately difficult and difficult examples of the released items for Australian students were 
discussed and the results compared to the highest achieving country, and the results of Canada, England, 
New Zealand and the United States. The average achievement of Australian students for topics in each 
content area were examined and Australias international standing reviewed. 
Australias achievement in five of the six content areas in mathematics was significantly above the 
international average but lower than several high achieving nations. In Geometry, Australias 
achievement was not different from the international average. The top nations in mathematics in TIMSS 
1998 were Singapore, the Republic of Korea, Chinese Taipei, Hong Kong, Japan and Belgium 
(Flemish). 
Based on the results in TIMSS 1998 Australian students found computations with decimal fractions and 
common fractions; perimeter of area of combined shapes; perimeter and area of simple shapes; and 
numeric concepts of ratio and proportion difficult. These topics often required calculations which should 
be routine procedures but which were not as yet routine for Australian students. 
The overall performance of Australian students in mathematics was proficient in several topics, for 
example, number patterns and simple relations; simple probabilities; representation and interpretations 
of data in graphs, charts and tables; understanding and representing common fractions; estimating; 
rounding; understanding and representing decimal fractions; units of measurement; estimates of 
measurement, accuracy of measurement; and algebraic concepts of ratio and proportion. This is an 
impressive list for students in their second year of high school. 
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CHAPTER 4 
 
AUSTRALIAN ACHIEVEMENT IN SCIENCE 
Overview 
This chapter: 
! presents the distribution of items in the science content areas; 
! examines the six content areas in science, providing examples of the easiest, the most difficult and 
the average of released items for Australian students; 
! compares the results of Australia, Canada, England, New Zealand, the United States and the highest 
achieving country with the international average; and 
! presents examples of each content area on the Science Item Response Theory (IRT) scale for 
Australian students. 
Distribution of items in science content area 
In science, the content areas for TIMSS 1998 were slightly different than they were for TIMSS 1994. 
The number of science items in TIMSS 1998 increased so that it became possible to report on 
Environmental and Resource Issues and on Scientific Inquiry and the Nature of Science separately. As 
Table 4.1 shows, each content area had enough items for results to be reported separately. 
In TIMSS 1998 the largest number of items was allocated to Life Science (40) followed by Physics (39). 
Earth Science and Chemistry were next with 22 and 20 items allocated. The smallest content areas were 
Environmental and Resource Issues and Scientific Inquiry and the Nature of Science with 13 and 12 
items respectively. 
Table 4.1   Distribution of Items within the TIMSS 1994 and TIMSS 1998 Science Content Areas 
Content area TIMSS 1994 TIMSS 1998 
   Number Per cent Number  Per cent 
Earth Science 22 16 22 15 
Life Science 40 30 40 27 
Chemistry 19 14 20 14 
Physics 40 30 39 27 
Environmental and Resource Issues − − 13 9 
Scientific Inquiry and the Nature of Science − − 12 8 
Environmental Issues and the Nature of Science 14 10 − − 




Items were developed to meet the following performance categories: 
! Understanding simple information; 
! Understanding complex information; 
! Theorising, analysing and solving problems; 
! Using routine procedures and science processes; and 
! Investigating the natural world. 
Organisation of each section 
In the following sections additional information is provided about each content area. Examples of the 
easiest, the most difficult and an item of average difficulty of the released items are presented to 
illustrate the variety of items used in the TIMSS 1998 test. Since only half the items were released it was 
not always possible to give an example of the easiest or the most difficult item used in the test. 
For multiple-choice items, the key (#) for the correct answer is indicated. For the open-ended items, 
details of the International Coding Guides are included when appropriate. Examples of a range of correct 
and incorrect responses are provided to illustrate the Coding Guides. 
For each item, the country with the highest per cent correct on the item and the international average are 
given. The estimated overall percentage of students who answered the item correctly is shown for 
Australia, Canada, England, New Zealand and the United States. There were several reasons why 
Canada, England, New Zealand, the United States and the highest achieving country were selected to 
provide an international comparative view with Australias results. The achievement result for Canada, 
the United States and New Zealand in science in TIMSS 1994 was not different from Australias, while 
the achievement in England was significantly higher. In TIMSS 1998 science, the achievement results 
for Canada and England were not different from Australias, while those in New Zealand and the United 
States were significantly lower. 
Canada was one of very few countries that showed a significant improvement between TIMSS 1994 and 
TIMSS 1998 in the achievement results in both mathematics and science. Australia, Canada and the 
United States are the only three countries in the study where each state or province is responsible for the 
curriculum, while England and New Zealand, like the majority of countries, have one curriculum for the 
country. The discussion also indicates, whenever possible, to which of the international levels1 of 
science achievement the item belongs and whether the results for the listed countries are significantly 
different from the international average.2 
At the end of each section, each set of examples is plotted on the Science IRT scale for Australian 
students. It shows the difficulty of the examples relative to all TIMSS 1998 science items for Australian 
students in terms of a standardised IRT scale. The scale was standardised to have a mean difficulty of 
488 and standard deviation of 100. The mean of 488 allows for comparison of the relative performance 
of each content area in Australia and internationally. The higher the position of the item on the map, the 
more difficult the item. 
Statistical terms and notations used were explained in Chapter 1. 
 
                                                     
1 The international levels of mathematics and science achievement are explained in Chapter 2. 
2 Note that when each countrys per cent correct was compared to the international average by the International Centre, the 
Dunn-Bonferroni adjustment was made for 38 comparisons. In this and the previous chapter the adjustment made for the 38 
countries was maintained although usually only six countries are listed. 
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Earth science 
This content area included:  
! Earths physical features, atmosphere, processes and history; and 
! Earth in the solar system and the universe. 
Earth Science contained 22 items, or 15 per cent of all science items. The most difficult item in Earth 
Science for Australia was answered correctly by 19 per cent of Australian students. Neither this item nor 
the second most difficult item was released. The easiest item in Earth Science for Australia was 
answered correctly by 90 per cent of Australian students. 
Earth Science 1 (E1), requiring knowledge of Earths atmosphere, was the easiest of the Earth science 
items for Australia with 90 per cent of Australian students identifying the correct answer (A). Distractors 
B, C and D were selected by small percentages of Australian students (5 per cent, 2 per cent and 3 per 
cent, respectively). 
 
 Earth Science 1: Why oxygen equipment is necessary 
_______________________________________________________________________________ 
 
 Why do mountain climbers use oxygen equipment at the top of the worlds highest mountains? 
# A. There is less oxygen in the air at great heights. 
B. There is little nitrogen in the air at great heights. 
C. There is a hole in the ozone layer. 
D. There is no air at the top of very high mountains. 
S012035 
 
   
Per cent correct 
 
 Australia 90 (1.1) ▲4  
 Canada 92 (0.9) ▲  
 England 90 (1.0) ▲  
 New Zealand 87 (1.0) ▲  
 United States 90 (0.6) ▲  
 Highest achieving country:    
    Singapore 95 (0.7) ▲  
 
 
E1 was a relatively easy item across countries so that 
the majority of students in the top 75 per cent 
international science level3 typically answered it 
correctly. This item required students to recognise that 
there is less oxygen at higher altitudes. The per cent 
correct for all the countries listed for comparison was 
significantly higher than the international average. 
Hong Kong, Chinese Taipei, Korea and the Czech 
Republic also had an overall per cent correct of 92 per 
cent or higher. 
 
International average 79 (0.2)   
    
                                                     
3 The international levels of science achievement (examined in Chapter 2) describe the tasks that students in the top 10 per cent, 
top 25 per cent, top 50 per cent and top 75 per cent typically answered correctly. The international level of science 
achievement is only provided in those instances where the item meets the criteria for the level. 
4 ▲ Country average significantly higher than the international average. 
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Earth Science 2 (E2) was an elevation diagram requiring students to identify a feature at the base of a 
mountain, taking into account wind direction and air temperature. In answering E2 49 per cent of 
Australian students chose the correct answer A. The main distractors were E (22 per cent) and D (15 per 
cent). Fewer Australian students opted for B (9 per cent) or C (4 per cent) and 1 per cent of students 
omitted this item. 
 
 Earth Science 2: Elevation diagram of wind/temperature 
_______________________________________________________________________________ 
 
The diagram below shows a mountain. The prevailing wind direction  






Which feature is probably located at the base of the location  X  ? 
# A.  a dry region 
B. a jungle 
C. a glacier 
D. a large lake 




   
Per cent correct 
 
 Australia 49 (1.2) ● 5  
 Canada 57 (1.3) ▲  
 England 44 (2.0) ●   
 New Zealand 54 (1.4) ▲  
 United States 49 (1.3) ●   
 Highest achieving country:    
    Hungary 69 (1.4) ▲  
 
 
This was a difficult item likely to be answered 
correctly by students in the top 10 per cent of the 
international levels of science achievement. The per 
cent correct for students in Australia, England and the 
United States was not significantly different from the 
international average, while that for Canada was 
significantly higher. Only students in four European 
countries, Hungary, the Slovak Republic, Slovenia and 
the Netherlands, achieved over 60 per cent correct. 
 
International average 47 (0.2)   
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5 ● No statistically significant difference between country average and international average. 
  
Earth Science 3 (E3) required the ability to read maps rather than knowledge of Earths physical 
features. Fifty-three per cent of Australian students identified the correct answer (B). Another 23 per 
cent selected C possibly because they did not understand the meaning of contour lines on the map or did 
not know how to read them. The 12 per cent of students who chose A either confused East and West 
(North was identified on the map) or else reversed the flow direction. The percentages of Australian 
students who selected alternatives D and E (5 and 7 per cent) were small.  
 
 Earth Science 3: In which direction a river flows 
_______________________________________________________________________________ 
 
 On the diagram, hills and valleys are shown by means of contour lines. Each contour line indicates 




 In which direction does the river flow? 
A. north-east 
# B. south-east  
C. north-west 
D. south-west 
E. It is not possible to tell from the map. 
S012021 
 
   
Per cent correct 
 
 Australia 53 (2.0) ▲  
 Canada 46 (1.3) ▲  
 England 51 (1.6) ▲  
 New Zealand 41 (1.9) ●  
 United States 48 (1.6) ▲  
 Highest achieving country:    
    Chinese Taipei 61 (1.4) ▲  
 
 
E3 was a moderately difficult item for Australian 
students. Internationally, the majority of students in the 
top 10 per cent of the international levels of science 
achievement answered it correctly. This item required 
students to determine the direction of water flow from 
a contour map. The per cent correct for Australia and 
four of the countries used in the comparison was 
significantly higher than the international average. 
 
International average 37 (0.3)   
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Figure 4.1 presents the three items discussed in this section relative to all TIMSS 1998 science items on the 
Science IRT scale for Australian students. The scale was derived from a single IRT analysis of the science 
responses. The scale was standardised to have a mean of 4886 and a standard deviation of 100. It is possible 
to see that E3 was a moderately difficult item not only for Earth Science but also for the whole set of 
science items for Australian students. It also shows that item E2 is approximately one standard deviation 
harder than E3 while item E1 is approximately two standard deviations easier than E3. 
Figure 4.1   Earth Science Example Items on the Science IRT Scale for Australian Students 









E3. On the diagram, hills and valleys are shown by 
means of contour lines. Each contour line indicates 
that all points on the line have the same elevation 









E. It is not possible to tell from the map. 
S012021
Hardest item in Earth Science 
(not released) 
E1. Why do mountain climbers use oxygen equipment 
at the top of the worlds highest mountains? 
A. There is less oxygen in the air at great heights.
B. There is little nitrogen in the air at great 
        heights. 
C. There is a hole in the ozone layer. 
D. There is no air at the top of very high 
mountains. 
S012035
Easiest item in Earth Science 
 E2  The diagram below shows a mountain. The 
prevailing wind direction and average air 
temperatures at different elevations on both 






Which f  is probably located at the base of the 
location
A. a dry region 
B. a jungle 
C. a glacier 
D. a large lake 
E. a rain forest 
S012011
eature
  X ? O 
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6 The same as the overall international average for science and each content area in science. The mean of 488 allows 
comparison of the relative performance for each content area in Australia and internationally. 
  
Relative strengths and weaknesses 
This section examines the relative strengths and weaknesses of Australian students in Earth Science. 
Table 4.2 presents the topics in Earth Science, the topic difficulty7 of all items (released and secure) in 
the topic and the standard error. The number of items in each topic varied, as did the level of difficulty. 
Starting at the top of the table, the topic difficulties are listed from the easiest to the hardest for topics 
with three or more items. 
 
Table 4.2   Topics and Topic Difficulty in Earth Science  
Topics Topic Difficulty (SE) No. of Items 
Earth in the solar system and the universe 0.72 (0.01) 6 
Earth processes and history 0.69 (0.01) 6 
Earths physical features 0.56 (0.01) 7 
Earths atmosphere 0.53 (0.01) 3 
 
 
The two topics, Earth in the solar system and the universe; and Earth processes and history were the 
easiest topics for Australian students in Earth Science. E2 (presented earlier in this chapter) was the most 
difficult item in the topic Earth processes and history, requiring students to interpret data. Australian 
students achievement was not different from the international average on this item. 
Earths physical features; and Earths atmosphere were more difficult topics for Australians. Both 
Science 4 (in Chapter 2) and E3 tested the topic Earths physical features. Science 4 was an easy 
example requiring simple information while E3 was a moderately difficult item as students needed to 
interpret data. E1 was an easy item in the topic Earths atmosphere even though it was testing complex 
information about the use of oxygen at high altitudes. 
International standing in earth science 
In Earth Science, only Hungarys achievement was significantly higher than Australias. The average 
scale score for Australia was equal to those of 19 other countries including Chinese Taipei (which was 
the highest achieving country in science), Japan, the Republic of Korea, England, Singapore, Canada, 
Hong Kong SAR, New Zealand and the United States. The result for Australia in Earth Science was also 
significantly higher than the international average. 
                                                     
7 Topic difficulty is the arithmetic average of the per cent correct of all items in the topic. 
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Life science 
This content area included the following topics: 
! human body: structure and functions of its organs; 
! human body: processes, nutrition, health and disease; 
! biology of plant, animal and other life forms; and 
! interaction of living things: reproduction, genetics and evolution. 
Life Science was the major content area in TIMSS 1998 science. The most difficult item in Life Science 
for Australia was answered correctly by 20 per cent of Australian students. It was not released. The 
easiest item, Life Science 1, was answered correctly by 94 per cent of Australian students. 
Life Science 1 (L1) required knowledge of the functioning and processes of the human body and 94 per 
cent of Australian students chose the correct answer (C). Distractors A, B, D and E were picked more or 
less evenly (1 per cent, 2 per cent, 2 per cent and 1 per cent, respectively). 
 
 Life Science 1: Change of pulse after race 
_______________________________________________________________________________ 
 
 Immediately before and after running a 50 metre race, your pulse and breathing rates are taken. 
What changes would you expect to find? 
A. no change in pulse but a decrease in breathing rate 
B. an increase in pulse but no change in breathing rate 
# C. an increase in pulse and breathing rate 
D. a decrease in pulse and breathing rate 
E. no change in either 
S012010 
 
   
Per cent correct 
 
 Australia 94 (0.8) ▲  
 Canada 94 (0.6) ▲  
 England 95 (1.0) ▲  
 New Zealand 90 (0.8) ▲  
 United States 91 (0.5) ▲  
 Highest achieving country:    
    Japan 98 (0.3) ▲  
 
 
L1 was answered correctly by the majority of students 
in the top 75 per cent of the international levels of 
science achievement. The large majority of students in 
most countries taking part recognised that exercise 
leads to increased breathing and heart rate. The results 
for all six countries used in the comparison was 
significantly higher than the international average. 
 
International average 87 (0.2)   
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Life Science 2 (L2) was a moderately difficult item for Australian students. It required knowledge of the 
distinguishing features of insects. Seventy-four per cent of Australian students chose the correct answer 
(A) and 9, 5 and 10 per cent of students selected options B, C and D respectively. 
 
 Life Science 2: Distinguishing features shared by all insects 
_______________________________________________________________________________ 
 
 What feature is shared by ALL insects? 
# A. external skeleton 
B. two pairs of wings 
C. jumping legs 
D. stinging mechanism 
S022099 
 
   
Per cent correct 
 
 Australia 74 (2.3) ▲  
 England 78 (2.2) ▲  
 New Zealand 76 (2.4) ▲  
 United States 78 (1.7) ▲  
 Highest achieving country:    
    Canada 81 (1.4) ▲  
 
 
L2 required students to sort through complex 
information about the biology of a life form. Three-
quarters of Australian students, compared to almost 
half at the international average, answered this item 
correctly. The per cent correct for Australian students 
was two to seven percentage points less than in the 
other countries used in the comparison. Canada was the 
country with the highest per cent correct. 
 
International average 49 (0.4)   
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The open-ended item Life Science 3 (L3) required an understanding of the interaction of living things. 
Students had to fill the missing links in the given food web. Nearly sixty per cent of Australian students 
completed the missing chains of the food web correctly. However, 38 per cent were incorrect and 
another 2 per cent did not attempt this item. 
 
 Life Science 3: Complete food web 
_______________________________________________________________________________ 
 
 An incomplete food web has been drawn for you. Complete it by filling in each of the empty circles 
with the number of the correct animal or plant from the list. Remember that the arrows represent 













   
Per cent correct 
 
 Australia 58 (1.8) ●   
 Canada 66 (1.2) ▲  
 England 68 (1.5) ▲  
 New Zealand 48 (2.9) ●  
 United States 64 (1.5) ▲  
 Highest achieving country:    
    Chinese Taipei 89 (1.0) ▲  
 
 
L3 was an item that the majority of students in the top 
25 per cent of the international levels of science 
achievement usually answered correctly. This item 
required students to apply knowledge of energy flow to 
complete a food web. The overall per cent for Australia 
and New Zealand was not significantly different from 
the international average but the overall per cent 
correct for students in Canada, England and the United 
States was significantly higher than the international 
average. In addition to Chinese Taipei, Singapore also 
had nearly 89 per cent overall correct. 
 
International average 55 (0.3)   
    
 
There were two possible food webs that were acceptable. A student could write in the correct sequence 
the numbers 1 for caterpillar, 2 for corn, etc., as in Example L3.1. Otherwise the names of animals/plants 
(corn, caterpillar, snake and hawk) could be written instead of numbers in the same order as in Example 
L3.2. A correct but less preferred food web was to reverse hawk (3) and snake (4), which was coded as 
11. Both codes 10 and 11 were awarded 1 point. All other answers were coded as 79 and scored as 0. 
Example L3.3 presents an incorrect answer. 













The most difficult of the released items in Life Science for Australian students was item Life Science 4 
(L4). It required knowledge of human nutrition and health. A quarter of Australian students selected the 
right answer (C). At the same time half of them thought that the best reason for including protein in a 
healthy diet was because it is the main source of energy for the body. Such a choice indicates that 
students did not know the functions of proteins and carbohydrates. Another 13 per cent thought that 
proteins are a source of vitamins. This represents a misunderstanding of the definitions of both proteins 
and vitamins. The smallest group of students (8 per cent) chose distractor B. 
 
 Life Science 4: Reason for protein in diet 
_______________________________________________________________________________ 
 
 The BEST reason for including protein in a healthy diet is because it is the main source of 
A. energy for the body. 
B. fibre for digestion. 
# C. raw materials for cell growth and repair. 
D. vitamins for fighting disease. 
S022094 
 
   
Per cent correct 
 
 Australia 27 (2.7) ●   
 Canada 22 (1.9) ▼8  
 England 33 (2.8) ●   
 New Zealand 21 (2.3) ▼  
 United States 20 (1.5) ▼  
 Highest achieving country:    
    Chinese Taipei 62 (2.0) ▲  
 
 
It appears that L4 was difficult for all students in their 
second year of high school. Australia and Englands 
per cent correct was not significantly different from the 
international average, while that in Canada, New 
Zealand and the United States was below. Chinese 
Taipei, Finland and Malaysia achieved the highest per 
cent correct of 60 per cent or higher. 
 
International average 33 (0.4)   
    
 
                                                     
8 ▼ Country average significantly lower than the international average. 
Chapter 4  Science 88
  
Figure 4.2 presents the four items discussed in this section relative to all TIMSS 1998 science items on 
the Science IRT Scale for Australian Students. The scale is standardised to have a mean of 488 and a 
standard deviation of 100. The scale shows that item L3 was a moderately difficult item not only for Life 
Science but also for the whole set of science items. It also shows that item L4 was approximately one 
and a half standard deviations harder than L3 while item L2 was approximately half a standard deviation 
easier than L3. Item L1 appears to be the easiest item not only for Life Science but also for the whole set 
of science items for Australian students. 









L4. The BEST reason for including protein in a healthy
diet is because it is the main source of
A. energy for the body
B. fibre for digestion
C. raw materials for cell growth and repair
D. vitamins for fighting disease
S022094
L3. An incomplete food web has been drawn for you.
Complete it by filling in each of the empty circles
with the number of the correct animal or plant
from the list. Remember that the arrows represent






Hardest item in Life Science  (not released)
L2. What features are shared by ALL insects?
A. external skeleton




L1. Immediately before and after running a 50 meter
race, your pulse and breathing rates are taken. What
changes would you expect to find?
A. no change in pulse but a decrease in breathing rate
B. an increase in pulse but no change in breathing rate
C. an increase in pulse and breathing rate
D. a decrease in pulse and breathing rate
E. no change in either
S012010
Easiest item in Life Science
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Relative strengths and weaknesses 
Table 4.3 presents the topics in Life Science, the average topic difficulty of all items (released and 
secure) in the topic and the standard error.  The number of items in each topic varied, as did the level of 
difficulty. 
 
Table 4.3   Topics and Topic Difficulty in Life Science 
Topics Topic Difficulty (SE) No. of Items 
Human body − structure and function of organs and systems 0.74 (0.006) 8 
Interactions of living things 0.72 (0.01) 7 
Human bodily processes 0.61 (0.01) 4 
Reproduction, genetics, evolution, and speciation 0.59 (0.01) 4 
Human nutrition, health and disease 0.55 (0.01) 3 
Biology of plant, animal and other life forms 0.55 (0.01) 14 
 
Australian students average achievement in the two topics Human body  structure and function of 
organs and systems; and Interactions of living things was very good overall.  Science 1 (in Chapter 2) 
and L3 are examples of Interactions of living things. In Science 1, Australian students achieved the 
highest per cent correct on this item, which required students to write two outcomes of introducing new 
species into the environment.  In TIMSS 1994, Australian students had also achieved the highest per 
cent correct of any country taking part in the study on an item similar to Science 1. The achievement of 
Australian students on L3 (completing a food web) was not different from the international average 
Overall, the other four topics in Life Science, Human bodily processes; Reproduction, genetics, 
evolution and speciation; Human nutrition, health and disease; and Biology of plant, animal and other 
life forms were somewhat more challenging for Australian students. L1 is an easy example in Human 
bodily processes that Australian students, as well as students internationally, found very easy. L4 was 
one of the hardest items for Australian students in Human nutrition, requiring them to identify the reason 
for including protein in the diet. This was factual information but Australian students were more likely to 
think erroneously that protein was the source of energy in the body. L2, an item in the topic Biology of 
plant, animal and other life forms, which tested the features shared by all insects, was easier for 
Australian students than students internationally. 
International standing in life science 
In Life Science, Chinese Taipei was the only country whose average achievement was significantly 
higher than Australias. The results for Australia were equal to 16 other countries including Singapore, 
the Netherlands, Belgium (Flemish), Japan, Hungary, England, Canada, the United States and Hong 
Kong SAR. Australias results in Life Science were significantly higher than the international average. 
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Chemistry 
This content area included the following topics: 
! classification and structure of matter; 
! chemical reactivity and transformations; and 
! energy and rates of chemical change. 
Chemistry contained 20 items or 14 per cent of all science items. The most difficult item for Australia in 
Chemistry was answered correctly by 29 per cent of Australian students. The easiest item for Australia 
was answered correctly by 86 per cent of Australian students. This item was not released. 
Chemistry 1 (C1) was the easiest of the released items for Australian students in this content area. It 
required some knowledge of chemical reactivity and 72 per cent of Australian students identified the 
correct answer (E). The wrong answers were chosen more or less evenly among the alternatives A, B, C 
and D (5 per cent, 8 per cent, 9 per cent and 6 per cent, respectively). 
 
 Chemistry 1: Reason why paint prevents rust 
_______________________________________________________________________________ 
 
 Paint applied to an iron surface prevents the iron from rusting. Which ONE of the following 
provides the best reason?  
A. It prevents nitrogen from coming in contact with the iron. 
B. It reacts chemically with the iron. 
C. It prevents carbon dioxide from coming in contact with the iron. 
D. It makes the surface of the iron smoother. 
# E. It prevents oxygen and moisture from coming in contact with the iron. 
S012036 
 
   
Per cent correct 
 
 Australia 72 (1.7) ●   
 Canada 72 (1.6) ●   
 England 76 (1.6) ▲  
 New Zealand 66 (1.7) ●  
 United States 66 (1.4) ●   
 Highest achieving country:    
    Chinese Taipei 91 (0.7) ▲  
 
 
C1 was an item that the majority of students in the top 
50 per cent of the international levels of science 
achievement answered correctly. This item required 
basic knowledge about the role of air in rusting. Of the 
five countries in the comparison, England was the only 
country whose overall per cent correct was 
significantly higher than the international average. 
Chinese Taipei was the only country with a per cent 
correct at or above 90 per cent. 
 
International average 67 (0.2)   
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Chemistry 2 (C2) was an item that required an understanding of which processes can be identified as 
chemical reactions. This was a moderately difficult item for Australian students and 53 per cent picked 
the correct answer (C). At the same time, 24 per cent of students chose B possibly because they thought 
that the dissolving of sugar requires a chemical reaction between sugar and water. Two other alternatives 
A (11 per cent) and C (12 per cent) were chosen by considerably smaller percentages of students. 
 
 Chemistry 2: Example of chemical change 
_______________________________________________________________________________ 
 
 Which is an example of a chemical reaction?  
A. water boiling 
B. sugar dissolving 
# C. nails rusting 
D. wax melting 
S022178 
 
   
Per cent correct 
 
 Australia 53 (2.7) ●   
 Canada 55 (3.2) ●   
 England 66 (3.1) ▲  
 New Zealand 42 (2.6) ●  
 United States 52 (1.7) ●   
 Highest achieving country:    
    Chinese Taipei 87 (1.1) ▲  
 
 
C2 is an item that the majority of students in the top 25 
per cent of the international levels of science 
achievement answered correctly. Of the five countries 
in the comparison, England was the only country 
whose overall per cent correct was significantly higher 
than the international average. Chinese Taipei was the 
only country whose students achieved above 80 per 
cent correct. 
 
International average 49 (0.4)   
    
 
Chemistry 3 (C3) was the most difficult item for Australian students, requiring the ability to explain why 
small pieces burn quickly. Sixty-six per cent of Australian students gave wrong reasons, 5 per cent did 
not try to answer this question and 29 per cent wrote a correct explanation. 
 
 Chemistry 3: Small pieces of wood burn faster 
_______________________________________________________________________________ 
 






   
Per cent correct 
 
 Australia 29 (2.9) ●   
 Canada 23 (2.3) ▼  
 England 30 (2.8) ●   
 New Zealand 30 (2.4) ●  
 United States 18 (1.6) ▼  
 Highest achieving country:    
    Slovak Republic 53 (3.2) ▲  
 
 
C3 was very difficult for students taking part in the 
study. The results for Australian, English and New 
Zealand students were not statistically different from 
the international average. The Slovak Republic, 
Moldova and Chinese Taipei were the only three 
countries in which students achieved higher than 50 per 
cent correct. 
 
International average 24 (0.4)   
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For this item the Scoring Guide had a variety of alternative codes for different correct and incorrect 
answers. Table 4.4 shows the alternatives presented to Markers in the Scoring Guide. All correct 
responses were scored as 1; all incorrect responses were scored as 0. No credit was given for partially 
correct answers. 
Table 4.4   Scoring Guide for Chemistry 39  
 Correct Response 
10 Mentions that there is more wood in contact with oxygen or air in the smaller pieces. [Explicitly 
mentions availability to oxygen/air.] 
Examples: The small pieces have more of the wood in contact with oxygen.  
The oxygen can only attack the log at the surface. The larger log has less surface area. 
The air can reach the inner surface of wood in the smaller pieces faster. 
11 Mentions effect of increased surface area in the chopped wood pieces. [Explicitly mentions surface area, 
surface, or area. No mention of oxygen/air.] 
Examples: The smaller bits have more area exposed. 
It is because of less surface in the large log. 
12 Mentions that when chopped, more parts of the wood are exposed to flame (ignite, catch fire) and all the 
small pieces can burn simultaneously. [No explicit mention of oxygen/air or surface area.] 
19 Other correct. 
 Incorrect Response 
70 Refers only to relative rates of burning (burning through). [Does not refer explicitly to surface area, 
oxygen/air, or simultaneous burning.] 
Examples: The fire will burn through from the outside faster in the small pieces. 
The large log is thicker and has more area to burn. 
71 Refers only to the relative rate of ignition (catching on fire, heating up). [Does not refer explicitly to 
surface area, oxygen/air, or simultaneous burning.] 
Example:  The smaller pieces are easier to light. 
72 Mentions only the need for oxygen/air. [Incorrect/inadequate or no connection to increased availability 
in chopped wood.] 
Example:  The bigger logs need more oxygen. 
79 Other incorrect (including crossed out/erased, stray marks, illegible, or off task). 
 Non response 
99 BLANK  
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Table 4.5 presents the distribution of correct and incorrect responses given by Australian students. 
Examples of students answers follow. 
Table 4.5   Distribution of Correct and Incorrect Responses for Item Chemistry 3 for Australian 
Students 
 Correct Responses10 Incorrect Responses 
Code 10 11 12 19 Total 70 71 72 79 Total 
Per cent 54 27 15 4 100 59 6 5 30 100 
Slightly more than half of the students who provided the correct answer explained it in every respect, as 
was required by Code 10 (Example C3.1). Twenty-seven per cent of students who gave the correct 
answer mentioned that smaller bits had a larger surface area, but did not mention oxygen or air 
explicitly. They were given Code 11. Fifteen per cent of students who wrote the correct answer were 
coded 12 (Example C3.2) and only a small percentage of students gave a different explanation (Code 
19). Most of the students who gave an incorrect answer were coded 70 (Example C3.3) or 79 (Example 









                                                     
10 The left-hand side of the table pertains to the 29 per cent of students who gave a correct answer and the right-hand side to the 
66 per cent who gave an incorrect answer. 
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Figure 4.3 presents the four items discussed in this section relative to all TIMSS 1998 science items on 
the Science IRT scale for Australian students. The scale is standardised to have a mean of 488 and a 
standard deviation of 100. The scale shows that item C1 was a moderately easy science item, only a half 
standard deviation below the mean. Item C2 was approximately a half standard deviation above the 
mean, while item C3 was one and a half standard deviations above the mean. 










Easiest item in Chemistry  (not released) 
C1. Paint applied to an iron surface prevents the iron 
from rusting. Which ONE of the following 
provides the best reason?  
A. It prevents nitrogen from coming in contact 
with the iron. 
B. It reacts chemically with the iron. 
C. It prevents carbon dioxide from coming in 
contact with the iron. 
D. It makes the surface of the iron smoother. 
E. It prevents oxygen and moisture from coming 
in contact with the iron. 
S012036
Hardest item in Chemistry 
C2. Which is an example of a chemical 
reaction?  
A. water boiling 
B. sugar dissolving 
C. nails rusting 
D. wax melting 
S022178
C3. A large log of wood will burn more slowly 
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Relative strengths and weaknesses 
Table 4.6 presents the topics in Chemistry, the average topic difficulty of all items (released and secure) 
in the topic and the standard error. The number of items in each topic varied, as did the level of 
difficulty. Topics are listed from the easiest to the hardest.   
 
Table 4.6   Topics and Topic Difficulty in Chemistry 
Topics Topic Difficulty (SE) No. of Items 
Chemical reactivity and transformations 0.55 (0.01) 9 
Classification of matter 0.52 (0.011 4 
Energy and rates of chemical change 0.49 (0.01) 3 
Structure of matter 0.48 (0.013 4 
 
The four topics in Chemistry were moderately difficult to difficult for Australian students. C1 and C2 are 
two examples in Chemical reactivity and transformations. C1, requiring the processing of complex 
information as to why paint prevents rust, was easier for Australian students than C2, for which students 
needed to know that rusting is a chemical reaction. 
C3 was the hardest item in Chemical reactivity and transformations for Australian students and just over 
a quarter of Australian students answered it correctly. The item was challenging as it required students to 
apply scientific principles to develop explanations about the rate of burning wood. 
International standing in chemistry 
In Chemistry, the average achievement for Australian students was significantly lower that that of 
Chinese Taipei and Hungary. Australias results were not statistically different from those of 16 other 
countries including Singapore, Finland, Japan, Bulgaria, England, the Republic of Korea, the Russian 
Federation, Canada, the United States and New Zealand.  The results for Australia in Chemistry were 
significantly higher than the international average. 
Chemistry is the only content area in science where the average scale score for boys is significantly 
higher than for girls. 
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Physics 
This content area included the following topics: 
! physical properties and physical changes of matter; 
! subatomic particles; 
! energy types, sources and conversions; 
! wave phenomena, sound and vibration; 
! light; 
! electricity and magnetism; 
! forces and motion; and 
! heat and temperature. 
Physics was the second-biggest content area in TIMSS 1998 science. The size of this content area 
allowed for a large diversity in item difficulty. Only 9 per cent of Australian students answered correctly 
the most difficult item in Physics. This item was extremely difficult for Australian students compared to 
the most difficult item in other content areas. In Life Science, 20 per cent of students answered the most 
difficult item correct; in Earth Science, 19 per cent answered it correctly; in Chemistry, 29 per cent 
answered it correctly; in Environmental and Resource Issues, 33 per cent answered it correctly; and in 
Scientific Inquiry and the Nature of Science, 23 per cent answered it correctly. The easiest item in 
Physics was answered correctly by 91 per cent of Australian students. It was not released. 
Physics 1 (P1) was the second easiest item in Physics for Australian students. This item required 
knowledge of physical properties of matter. Ninety per cent of Australian students correctly chose C. 
Distractors A, B and D were chosen more or less evenly (3 per cent, 2 per cent, and 4 per cent) by small 
percentages of students. 
 Physics 1: Evaporation rate: surface area 
_______________________________________________________________________________ 
 
 A student put 100 mL of water in each of the open containers and let them stand in the sun for one 








   
Per cent correct 
 
 Australia 90 (1.8) ▲  
 Canada 91 (1.2) ▲  
 England 92 (1.7) ▲  
 New Zealand 88 (1.6) ●  
 United States 84 (1.3) ●   
 Highest achieving country:    
    Singapore 98 (0.8) ▲  
 
 
P1 was an item that the majority of students in the top 
75 per cent of the international levels of science 
achievement typically answered correctly. The overall 
per cent correct for Australia, Canada and England was 
significantly higher than the international average. In 
half of the 38 countries in TIMSS 1998, the overall per 
cent correct was 80 per cent or higher. 
 
International average 84 (0.3)   
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Physics 2 (P2) required knowledge of the change of chemical energy into heat. Nearly 60 per cent of 
Australian students identified the correct answer (B). The most popular distractor for Australian students 
was A (26 per cent), possibly because electricity is so familiar to them. Distractors C and D were chosen 
more or less evenly (8 and 6 per cent) by a considerably smaller percentage of students. 
 
 Physics 2: Change of chemical energy into heat 
_______________________________________________________________________________ 
 
 Most of the chemical energy released when petrol burns in a car engine is not used to move the car, 
but is changed into 
A. electricity. 





   
Per cent correct 
 
 Australia 59 (1.4) ●   
 Canada 63 (1.5) ▲  
 England 67 (1.6) ▲  
 New Zealand 58 (1.2) ●  
 United States 59 (1.2) ●   
 Highest achieving country:    
    Hungary 76 (1.3) ▲  
 
 
The results for Australia, New Zealand and the United 
States were not statistically different from the 
international average, while those for Canada and 
England were significantly higher. In addition to 
Hungary, students in the Republic of Korea, the 
Russian Federation and Bulgaria had 70 per cent or 
higher overall correct. 
 
International average 58 (0.2)   
    
 
Mathematics and Science Achievement of Junior Secondary School Students in Australia 99
 
Physics 3 (P3) was the second most difficult item in Physics for Australian students. This item belongs 
to the category: knowledge of physical properties of matter. Twenty-five per cent of Australian students 
identified the correct answer (C). The most popular distractor was A (60 per cent), possibly  
because students used the reciprocal fraction 
mass
volume  to calculate density instead of the correct formula:  
density =
volume
mass . Distractors B and D were chosen by much lower percentages of the students (9 and 5 
per cent, respectively). 
 
 Physics 3: Which one has greatest density? 
_______________________________________________________________________________ 
 










  5.5 grams














   
Per cent correct 
 
 Australia 25 (1.5) ●   
 Canada 32 (1.4) ●   
 England 19 (1.4) ▼  
 New Zealand 17 (1.2) ▼  
 United States 23 (1.2) ▼  
 Highest achieving country:    
    Chinese Taipei 52 (1.4) ▲  
 
 
P3 was very difficult for Australian and international 
students, who needed to apply scientific principles to 
calculate which of four objects had the greatest density. 
The average results for Australia and Canada were not 
different from the international average, while those for 
England, New Zealand and the United States were 
lower. The overall correct was 50 per cent or higher in 
only two countries, Chinese Taipei and Hong Kong. 
 
International average 28 (0.2)   
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Physics 4 (P4) was the most difficult item in Physics for Australian students. This item belonged to the 
category: knowledge of energy types, sources and conversions. It required students to be able to explain 
why the answer was chosen. So this item was difficult not only because of its content but also because 
students were asked to write a reason. Only 9 per cent of Australian students wrote the correct answer and 
4 per cent did not try to answer. The remaining 87 per cent gave wrong reasons as detailed in Table 4.7. 
 
 Physics 4: Conversion of electricity/light energy 
_______________________________________________________________________________ 
 
 Electrical energy is used to power a lamp. How does the amount of electrical energy used compare 
to the amount of light energy produced? 
 
a) The amount of electrical energy used is: (tick one) 
 
 
 more than the amount of light energy produced.
less than the amount of light energy produced.
the same as the amount of light energy produced. 
 





   
Per cent correct 
 
 Australia   9 (1.0) ●   
 Canada   8 (1.0) ●   
 England 16 (1.7) ▲  
 New Zealand 7 (1.1) ●  
 United States   4 (0.6) ▼  
 Highest achieving country:    
    Singapore 21 (2.4) ▲  
 
 
P4 was very difficult for Australian students and 
internationally. The average results for Australia, 
Canada and New Zealand were not different from the 
international average. The average results for England 
were higher, while those for the United States were 
lower. Singapore was the only country where the 
overall per cent correct was just over 20 per cent. 
 
International average   8 (0.2)   
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For P4 the Scoring Guide had a variety of codes for different correct and incorrect answers. Table 4.7 
shows which alternatives were available for markers. 
Table 4.7   Scoring Guide for Item Physics 411 
 Correct Response 
10 MORE. With an explanation based on (much) energy being converted to heat. 
Examples: More. When a lamp is on it heats up. So some of the electricity goes into heat instead of 
light.  
More. Some of the electrical energy is changed into heat energy to make the lamp work 
and only a small amount of the energy is actually changed into light. 
11 MORE. With other correct explanation of energy (power) loss or low efficiency. [Must clearly indicate 
that some energy goes elsewhere]. 
Examples: More. Because some of the energy is lost in conversions. 
More. The lamp is not very efficient, so not all of the electrical energy is changed into 
light. 
19 MORE. Other correct explanation. 
 Incorrect Response 
70 MORE. Incorrect/inadequate or no explanation. 
Examples: More. The light gives out lots of energy. 
More. The people have got to make the electricity first. 
More. Because of all the electricity from the wall socket. 
71 SAME. Explanation is based on the concept of conservation of energy without considering energy 
losses. 
Examples:  Same. Energy is always preserved. 
Same. You cannot create or destroy energy, so it has to be the same. 
72 LESS. Explanation based on heat, energy losses or low efficiency but with an incorrect application. 
Examples: Less. Some of the electrical energy is changed into heat.  
Less. The lamp is not very efficient. 
73 LESS. Any other incorrect or no explanation. 
Examples: Less. Todays lamps do not use up much voltage. 
Less. It does not take much electricity to power a lamp. 
79 Other incorrect (including crossed out/erased, stray marks, illegible, or off task). 
 Non response 
99 BLANK  
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Table 4.8 shows the distribution of students responses for item P4. Examples of students answers for 
this item follow. 
Table 4.8   Distribution of Correct and Incorrect Responses for Item Physics 4 for Australian 
Students 
 Correct Responses12 Incorrect Responses 
Code 10 11 Total 70 71 72 73 79 Total 
Per cent 54 46 100 29 19 6 13 33 100 
More than half of the students who wrote the correct answer explained it in every respect, as was 
required by Code 10 (Example P4.1). Slightly fewer students gave a more general answer as was 




                                                     
12 The left-hand side of the table pertains to the 9 per cent of students who gave a correct answer and the right-hand side to the 
87 per cent who gave an incorrect answer. 





Most students who had an incorrect answer were coded 79 (Example P4.3) or 70. Fewer students gave 
the incorrect answer which was coded as 73 (Example P4.4) or 71 (Example P4.5). A small proportion 
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Figure 4.4 presents the four items discussed in this section relative to all TIMSS 1998 science items on 
the Science IRT scale for Australian students. The scale is standardised to have a mean of 488 and a 
standard deviation of 100. The scale shows that item P2 was a moderately difficult item not only for 
Physics but also for the whole set of science items for Australian students. It also shows that item P3 is 
approximately one and a half standard deviations harder than P2 while item P1 is nearly two standard 
deviations easier than P2. Item P4 is the most difficult item for Australian students not only for Physics 
but also for the whole set of science items. 










P4. Electrical energy is used to power a lamp. How does
the amount of electrical energy used compare to
amount of light energy produced?
a) The amount of electrical energy used is:
(Tick one)
more than the amount of light energy
produced.
less than the amount of light energy
produced.
the same as the amount of light energy
produced.
b) Give a reason to support your answer.
S022282
P3. Which object listed in the table has the greatest
density?
Object Mass of Object Volume of Object
W 11.0 grams 24 cubic centimetres
X 11.0 grams 12 cubic centimetres
Y 5.5 grams 4 cubic centimetres






Hardest item in Physics
P2. Most of the chemical energy released when petrol
burns in a car engine is not used to move the car,






P1. A student put 100 mL of water in each of the open
containers and let them stand in the sun for one day.
Which container would probably lose the most water
due to evaporation?
S022009
Easiest item in Physics
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Relative strengths and weaknesses 
Table 4.9 presents the topics in Physics, the average topic difficulty of all items (released and secure) in 
the topic and the standard error. The number of items in each topic varied, as did the level of difficulty. 
Topics are listed from the easiest to the hardest. Topics with one or two items are listed at the bottom of 
the table. 
 
Table 4.9   Topics and Topic Difficulty in Physics 
Topics Topic Difficulty (SE) No. of Items 
Electricity and magnetism 0.67 (0.01) 4 
Forces and motion 0.64 (0.01) 6 
Light 0.64 (0.01) 11 
Physical properties and physical changes of matter 0.55 (0.01) 6 
Energy types, sources and conversions 0.49 (0.01) 7 
Wave phenomena, sound and vibration 0.79 (0.02) 2 
Heat and temperature 0.56 (0.02) 2 
Subatomic particles 0.49 (0.02) 1 
 
Electricity and magnetism; Forces and motion; and Light were the easiest topics in Physics for 
Australian students.  These three topics covered just over half the items in this content area. Science 3 
(in Chapter 2) is an example of an item in Electricity and magnetism. Almost three-quarters of 
Australian students answered correctly the item that required students to read the complex information 
presented as figures. 
Physical properties and physical changes of matter; and Energy types, sources and conversions were 
moderately difficult to difficult for Australian students. P1 was the easiest item in Physics for Australian 
students and P3 was the second-hardest of the released items. Both items tested Physical properties and 
physical changes of matter. However, while P1 required students to apply simple scientific principles to 
identify the correct response, P3 involved complex information and calculations to identify the object 
with the greatest density. 
Overall Energy types, sources and conversions was a more difficult topic for Australians.  P2 is an 
example of a moderately difficult item, while P4 was the hardest item in Physics for Australian students. 
P4 was a two-part item that required the application of scientific principles to solve a quantitative 
problem. It was difficult for TIMSS 1998 students at this level. Items such as P4, which required 
students to write a reason or explanation, were usually very demanding of all students. 
There were too few items in the other three topics: Wave phenomena, sound, and vibration; Heat and 
temperature; and Subatomic particles, to determine the relative strengths and weaknesses of Australian 
students.  
International standing in physics 
The average achievement for Australian students in Physics was significantly lower than that of 
Singapore but equal to that of 16 other countries that include our Asian neighbours, Chinese Taipei, 
Japan, the Republic of Korea and Hong Kong SAR; and several other countries, for example Hungary, 
the Netherlands and Canada. Australias average achievement in Physics was significantly higher than 
the international average. 
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Environmental and resource issues 
This content area included the following topics: 
! pollution; 
! conservation of natural resources; 
! food supply and production; and 
! population and environmental effects of natural and man-made events. 
Environmental and Resource Issues consisted of 13 items or 9 per cent of all science items. The most 
difficult item in this content area for Australia was answered correctly by 33 per cent of Australian 
students. This item was not released. Both of the two easiest items in Environmental and Resource 
Issues were answered correctly by 78 per cent of Australian students. One of them was released. 
Environmental and Resource Issues 1 (EN1) was one of the two easiest items for Australian students. It 
required knowledge of conservation of natural resources. Seventy-eight per cent of Australian students 
chose the correct answer (D). At the same time, 15 per cent of Australian students chose alternative A, 
possibly because they did not understand the function of bushes in the preservation of soil, or did not 
understand the meaning of barren or else did not read all the alternatives carefully. Small numbers of 
students (3 per cent and 4 per cent) opted for distractors B and C. 
 
 Environmental and Resource Issues 1: Areas where soil is washed away 
_______________________________________________________________________________ 
 
 Rain and running water can wash away soil. From which area is soil most likely to be washed away? 
A. A sloping area with bushes 
B. A flat area with grasses 
C. A flat area that is barren 
# D. A sloping area that is barren 
S012034 
 
   
Per cent correct 
 
 Australia 78 (1.3) ▲  
 Canada 76 (1.3) ▲  
 England 78 (1.4) ▲  
 New Zealand 71 (1.3) ●  
 United States 73 (1.6) ●   
 Highest achieving country:    
    Chinese Taipei 92 (0.7) ▲  
 
 
For EN1, students needed to recognise that soil erosion 
was more likely in barren sloping areas. Students in the 
top 50 per cent of the science international level 
typically answered it correctly. The average per cent 
correct for Australian, Canadian and English students 
was significantly higher than the international average 
but the result for the United States and New Zealand 
was not significantly different from the international 
average. 
 
International average 68 (0.2)   
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Environmental and Resource Issues 2 (EN2) required knowledge that rising ocean levels could result 
from global warming and 52 per cent of Australian students selected the correct answer (A). At the same 
time, 41 per cent of Australian students chose alternative D. There are possibly two reasons for the 
choice. First of all, in the media, these two environmental problems (global warming and the thinning of 
the ozone layer) are often mentioned together. Secondly, the names of the compounds linked to the cases 
of the two effects are similar. Chlorofluorocarbons are blamed for ozone depletion, while carbon dioxide 
is a major cause of global warming. These two types of carbon by association could lead to the 
confusion. The confusion of these concepts shown by students in TIMSS 1994 does not appear to be any 
less in TIMSS 1998. 
 
 Environmental and Resource Issues 2: Result of global warming 
_______________________________________________________________________________ 
 
 What is predicted to be a result of global warming? 
# A.  rising ocean level 
B.  more severe earthquakes 
C.  larger volcanic eruptions 
D.  thinning ozone layer 
S022254 
 
   
Per cent correct 
 
 Australia 52 (3.6) ▲  
 Canada 31 (2.9) ●   
 England 33 (2.7) ●   
 New Zealand 43 (2.9) ●  
 United States 30 (2.1) ●   
 Highest achieving country:    
    Japan 67 (2.0) ▲  
 
 
EN2 was an item that the majority of students in the top 
10 per cent of the international levels of science 
achievement usually answered correctly. Australias 
per cent correct was significantly above the 
international average, while those for Canada, England, 
New Zealand and the United States were not 
significantly different. 
 
International average 33 (0.4)   
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Figure 4.5 presents the two items discussed in this section relative to all TIMSS 1998 science items on 
the Science IRT scale for Australian students. The scale is standardised to have a mean of 488 and a 
standard deviation of 100. The scale shows that item EN2 was a moderately difficult item, approximately 
half a standard deviation above the mean while item EN1 was approximately one standard deviation 
easier than an average item in science. The Science IRT scale for Australian students presents a 
comparatively small spread of difficulties for this content area. 












Easiest item in Environmental and 
Resource Issues 
EN1  Rain and running water can wash away soil. 
         From which area is soil most likely to be 
         washed away? 
A. A sloping area with bushes 
B. A flat area with grasses 
C. A flat area that is barren 
D. A sloping area that is barren 
S012034
Hardest item in Environmental and 
Resource Issues (not released) 
EN2   What is predicted to be a result of global 
           warming? 
A.  Rising ocean level 
B.  More severe earthquakes 
C.  Larger volcanic eruptions 
D.  Thinning ozone layer 
S022254
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Relative strengths and weaknesses 
Table 4.10 presents the topics in Environmental and Resource Issues, the average topic difficulty of all 
items (released and secure) in the topic and the standard error. The number of items in each topic varied, 
as did the level of difficulty. 
 
Table 4.10   Topics and Topic Difficulty in Environmental and Resource Issues 
Topics Topic Difficulty (SE) No. of Items 
Conservation of natural resources 0.70 (0.01) 4 
Food supply and production, population, and environmental 
effects of natural and man-made events 
0.62 (0.01) 4 
Pollution 0.51 (0.01) 5 
 
Of the three topics in Environmental and Resource Issues, Conservation of natural resources was the 
easiest topic for Australian students. EN1 was the easiest of the released items in the content area 
Environmental and Resource Issues and the easiest of the released items in the topic of Conservation of 
natural resources. Australian students did well above the international average on this item. They had 
also achieved well on the issue of soil erosion in TIMSS 1994. 
The topic Food supply and production, population, and environmental effects of natural and man-made 
events was more challenging for Australian students than Conservation. Science 2 (in Chapter 2), an 
example in the topic Food supply and production, population, and environmental effects of natural and 
man-made events, was easier for Australian students than internationally. Two-thirds of Australian 
students were able to identify that over time, insecticides become less effective. 
Pollution was even more demanding than either Conservation or Food supply. Item EN2 was classified 
as the processing of simple information in the topic on Pollution. However, like many other students 
internationally, Australian students found this item difficult due to the confusion between global 
warming and the thinning of the ozone layer. 
International standing in environmental and resource issues 
Singapore and Chinese Taipei had a significantly higher average achievement in Environmental and 
Resource Issues than Australia. However, Australias results were equal to 11 other countries including 
the Republic of Korea, Canada, Slovenia, Hong Kong SAR, England and the United States. The average 
achievement in Environmental and Resource Issues for Australia was significantly higher than the 
international average. 
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Scientific inquiry and the nature of science 
This content area included the following topics: 
! scientific method; 
! experimental design; 
! scientific measurements; and 
! describing and interpreting data. 
Scientific Inquiry and the Nature of Science contained 12 items or 8 per cent of all items in science. The 
most difficult item for Australia was answered correctly by 23 per cent of Australian students, while the 
easiest item was answered correctly by 84 per cent. These items were not released. 
Scientific Inquiry and the Nature of Science 1 (S1) was the easiest of the released items for Australian 
students. It was answered correctly by 70 per cent of Australian students who chose the answer (C). A 
small percentage of students (5, 2 and 6 per cent, respectively) chose Distractors A, B and D 
respectively. More popular was Distractor E (15 per cent). 
Nearly 30 per cent of students chose one of the wrong answers and hence did not understand that they 
must consider both bottles. Among them were 5 per cent of students who picked distractor A, which was 
a scientifically accurate statement but did not answer the question. In addition, nearly 21 per cent of 
Australian students chose D or E, suggesting that these students did not understand the nature of 
evaporation.  
 
 Scientific Inquiry and the Nature of Science 1: Evaporation of vinegar/oil − conclusion 
_______________________________________________________________________________ 
 
 Two open bottles, one filled with vinegar and the other with olive oil, were left on a window sill in 
the Sun. Several days later it was observed that the bottles were no longer full. What can be 
concluded from this observation? 
A. Vinegar evaporates faster than olive oil. 
B. Olive oil evaporates faster than vinegar. 
# C. Both vinegar and olive oil evaporate. 
D. Only liquids containing water evaporate. 
E. Direct sunlight is needed for evaporation. 
S022238 
 
   
Per cent correct 
 
 Australia 70 (2.2) ▲  
 Canada 64 (2.6) ▲  
 New Zealand 67 (2.6) ▲  
 United States 76 (1.4) ▲  
 Highest achieving country:    
    England 78 (2.6) ▲  
 
 
S1 was an item that the majority of students in the top 
25 per cent of the international levels of science 
achievement answered correctly. The overall per cent 
correct in the five countries used in the comparison was 
significantly higher than the international average. 
England was the country with the highest overall per 
cent correct. 
 
International average 48 (0.4)   
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Scientific Inquiry and the Nature of Science 2 (S2) was more difficult than item S1. About 39 per cent of 
Australian students chose B correctly. At the same time, 41 per cent chose A possibly because the word 
statement can be associated, when reading quickly, not with Flemings statement in his laboratory 
report but with the initial statement of the stimulus: Alexander Fleming noticed that However, the 
other 19 per cent of students who picked distractors C or D (8 per cent and 11 per cent respectively) 
most likely did not understand clearly the meaning of the terminology listed in the distractors.  
 
 Scientific Inquiry and the Nature of Science 2: Bacteria/Mould Experiment − Hypothesis 
_______________________________________________________________________________ 
 
 Alexander Fleming noticed that bacteria growing on a plate of agar did not grow next to a mould 
that was growing on the same plate. He wrote in his laboratory report: The mould may be 
producing a substance that kills bacteria. This statement is best described as 
A. an observation. 
# B. a hypothesis. 
C. a generalisation. 
D. a conclusion. 
S022264 
 
   
Per cent correct 
 
 Australia 39 (2.9) ●   
 Canada 52 (3.6) ▲  
 England 19 (2.4) ▼  
 New Zealand 32 (1.9) ●  
 United States 47 (2.1) ▲  
 Highest achieving country:    
    Chinese Taipei 80 (1.5) ▲  
 
 
S2 required students to know the language of science. 
It was very difficult for students internationally. The 
per cent correct for Canada and the United States was 
higher than the international average while the result 
for Australia and New Zealand was not different and 
that for England was lower than the international 
average. Chinese Taipei was the only country where 80 
per cent of students identified the correct response. 
 
International average 35 (0.4)   
    
 
Mathematics and Science Achievement of Junior Secondary School Students in Australia 113
 
Scientific Inquiry and the Nature of Science 3 (S3) was as difficult as item S2. It required knowledge of 
experimental design. It was one of the few items that was scored using partial credit. Nearly 30 per cent 
of Australian students scored 2 and another 19 per cent scored 1 for this item. However, 40 per cent 
wrote an incorrect explanation, another 8 per cent did not attempt it and 3 per cent did not reach this 
item. 
 
 Scientific Inquiry and the Nature of Science 3: Heart rate experiment design 
_______________________________________________________________________________ 
 
 Suppose you want to investigate how long it takes for the heart rate to return to normal after 







   
Per cent correct 
 
 Australia 30 (3.2) ▲  
 Canada 26 (1.4) ▲  
 England 31 (1.8) ▲  
 New Zealand 28 (2.0) ▲  
 United States 21 (1.3) ▲  
 Highest achieving country:    
    Singapore 32 (2.6) ▲  
 
 
To receive full credit, this item expected students to 
explain clearly and fully how to design an experiment 
to investigate how long it takes the heart to return to 
normal after exercise. This item was very difficult for 
students, having an international average of 12 per 
cent. The per cent correct for Australia, Canada, 
England, New Zealand and the United States was 
significantly higher than the international average. 
 
International average 12 (0.2)   
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For S3 the Scoring Guide had a variety of alternative codes for a range of correct and incorrect answers. 
Table 4.11 shows the alternatives that were available for markers. 
Table 4.11   Scoring Guide for Scientific Inquiry and the Nature of Science 313 
 Correct Response 
20 Describes a procedure in which:  
  i) Somebody (or self) measures normal pulse or heart rate at rest (using a timer or watch). 
  ii) Subject does an exercise (physical activity). 
  iii) The time interval is measured from completion of exercise until pulse rate returns to normal. 
29 Other fully correct. 
 Partial Response 
10 As in Code 20, but no mention of beginning (normal) pulse measurement. 
Example:  Materials: watch, clock, person. Make the person ride an exercise bike for 5 minutes 
and then stop. Time how long it takes for the pulse to return to normal. 
11 As in Code 20, but no mention of measuring the time interval after exercise until pulse returns to normal. 
Examples: Materials: Watch with stop watch. Take your resting pulse. Exercise vigorously. Then 
take your pulse until its normal again. 
Record your pulse. Then exercise for awhile. Stop exercising and record the point when 
it gets back to the resting rate. 
19 Other partially correct with one criteria not completely satisfied. 
 Incorrect Response 
70 No procedure given; only mentions materials. 
Example:  Use a stopwatch, people, exercise equipment. 
71 Describes a minimal procedure not satisfying two or more of the criteria stated in Code 20. 
Example:  Have a person exercise and then take her pulse.  
72 Refers only to how to measure the heart (pulse) rate. 
Example:  You put your finger on your wrist and count for 10 seconds. 
79 Other incorrect (including crossed out/erased, stray marks, illegible, or off task). 
Table 4.12 shows the distribution of Australian responses for full credit scoring alternatives (20 and 29), 
for partial credit14 scoring alternatives (10, 11, and 19), and for incorrect scoring alternatives (70 to 79). 
Examples of students answers are given below. 
 
Table 4.12  Distribution of Correct, Partially Correct and Incorrect Responses for Scientific 
Inquiry and the Nature of Science 3 for Australian Students 
Full Credit15  Partial Credit Wrong Responses 
20 29 Total  10 11 19 Total 70 71 72 Total
98 % 2 % 100 %  52 % 32 % 16 % 100 % 17 % 47 % 11 % 25 % 100 %
79 
                                                     
13 TIMSS 1998 Main Survey Scoring Guides for Mathematics and Science Free-Response Items. 
14 Partial credit was given for responses where one of the criteria for Code 20 or 29 was not completely satisfied. 
15 The left-hand side of the table pertains to the 30 per cent of students who gave a fully correct answer, the middle column 
pertains to the 19 per cent of students who gave a partially correct answer and the right-hand side to the 40 per cent who gave 
an incorrect answer. 
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Most of the students who wrote the correct answer explained it in every respect, as it was required by Code 
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Slightly more than half of the students who received partial credit16 answered the question as required by 








                                                     
16 That is, one score point out of two in this case. 
Mathematics and Science Achievement of Junior Secondary School Students in Australia 117
 
Most of those students who had an incorrect answer were coded 71 (Example S3.5) or 79. Fewer students 
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Figure 4.6 presents the three items discussed in this section relative to all TIMSS 1998 science items on 
the Science IRT scale for Australian students. The scale is standardised to have a mean of 488 and a 
standard deviation of 100. The scale shows that item S1, the easiest of released items, was less than a 
half standard deviation below the science mean. It also shows that items S2 and S3 (full credit) are at the 
same difficulty (approximately one and a half standard deviations above the mean). In addition, the scale 
shows that, as might be expected, it was considerably easier for Australian students to gain a partial 
credit for item S3 than a full credit. 
 
Figure 4.6   Scientific Inquiry and the Nature of Science Example Items on the Science IRT Scale 













Easiest item in Scientific Inquiry and 
Nature of Science  (not released) 
S1. Two open bottles, one filled with vinegar 
and the other with olive oil, were left on a 
window sill in the Sun. Several days later it 
was observed that the bottles were no longer 
full. What can be concluded from this 
observation? 
A. Vinegar evaporates faster than 
olive oil. 
B. Olive oil evaporates faster than 
vinegar. 
C. Both vinegar and olive oil 
evaporate. 
D. Only liquids containing water 
evaporate. 
E. Direct sunlight is needed for 
evaporation. 
S022238
Hardest item in Scientific Inquiry and 
Nature of Science  (not released) 
S3. Suppose you want to investigate how long 
it takes for the heart rate to return to 
normal after exercising. What materials 






S2. Alexander Fleming noticed that bacteria
growing on a plate of agar did not grow
next to a mould that was growing on the
same plate. He wrote in his laboratory
report: The mould may be producing a
substance that kills bacteria. This
statement is best described as 
A. an observation 
B. a hypothesis 
C. a generalisation 
D. a conclusion 
S022264
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Relative strengths and weaknesses 
Table 4.13 presents the topics in Scientific Inquiry and the Nature of Science, the average topic 
difficulty of all items (released and secure) in the topic and the standard error.  The number of items in 
each topic varied, as did the level of difficulty. 
Table 4.13   Topics and Topic Difficulty in Scientific Inquiry and the Nature of Science 
Topics Topic Difficulty (SE) No. of Items 
Scientific method 0.60 (0.01) 4 
Describing and interpreting data 0.58 (0.01) 3 
Experimental design 0.51 (0.01) 3 
Scientific measurements 0.30 (0.02) 2 
 
Overall, Scientific method; and Describing and interpreting data were moderately difficult for Australian 
students. S1 was a relatively easy item, while S2 was a difficult example in the Scientific method topic. 
S1 required students to formulate conclusions based on investigational data, while S2 required students 
to identify the correct scientific terminology and Australian students confused hypothesis (the correct 
response) with observation. 
Experimental design was moderately difficult for Australian students. S3 was the hardest item in the 
topic and Australian students achievement on the item was within two percentage points of Singapore, 
the highest achieving country. 
It is not appropriate to comment on Australian achievement in Scientific measurements as there were 
only two items. 
International standing in scientific inquiry and the nature of science 
Australias average achievement in Scientific Inquiry and the Nature of Science was equal to that of the 
highest achieving 11 countries in this content area including Singapore, the Republic of Korea, Japan, 
Chinese Taipei, England, Canada, the United States and New Zealand. In the other content areas, 
Australias achievement placed it in the second group. 
Summary 
This chapter examined in some detail six content areas in science: Earth Science; Life Science; 
Chemistry; Physics; Environmental and Resource Issues; and Scientific Inquiry and the Nature of 
Science. From the released items, examples of easy, moderately difficult and difficult items for 
Australian students were discussed and the results compared to the results of the highest achieving 
country, and the results of Canada, England, New Zealand and the United States. The average 
achievement of Australian students for topics in each content area was examined and Australias 
international standing reviewed. 
Australias achievement in all six content areas in science was significantly above the international 
average. It was lower than that of several highest achieving nations in five content areas but equal to that 
of the highest achieving countries in Scientific Inquiry and the Nature of Science. Australias average 
scale scores in each content area were very close to each other with only a 16 point difference between 
the lowest average score in Earth Science and the highest in Scientific Inquiry and the Nature of Science. 
The top nations in science in TIMSS 1998 were Australia, Chinese Taipei, Singapore, Hungary, Japan 
and the Republic of Korea. 
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Based on the results of TIMSS 1998, Australian students found a few topics that were particularly 
difficult. These were Structure of Matter in Chemistry; Energy Types, Sources and Conversions in 
Physics; and Pollution in Environmental and Resource Issues. Structure of Matter was also reported as 
difficult for Australian students in TIMSS 1994. 
The overall performance of Australian students in science was proficient in the majority of topics, 
including Earth in the Solar System and the Universe in Earth Science; Earth Processes and History also 
in Earth Science; Interactions with Living Things in Life Science; Electricity and Magnetism in Physics; 
and Conservation of Natural Resources in Environmental and Resource Issues. The results in science for 
students in their second year of high school in Australia were most encouraging. 
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THE STUDENTS IN TIMSS 1998 
Overview 
This chapter draws on the data collected through a comprehensive Student Questionnaire. 
Students provided information including their background, out-of-school activities; general 
behaviours and attitudes towards mathematics and science; and the perceptions of their ability 
in mathematics and science.  
The majority of questions asked students to circle the appropriate response. Some of these 
questions required a yes/no response; other questions used Likert scales, for example, 
Strongly Agree, Agree, Disagree and Strongly Disagree response formats. A few questions, 
relating to background variables, were open-ended.  
The variables in the Student Questionnaire can be broadly placed into two categories: those 
that pertain to background and those that pertain to individual characteristics, attitudes and 
personal beliefs. The student background variables examined are: gender and age; country of 
birth; language spoken at home; home background, which includes parents education, books 
in the home and possessions in the home; and out-of-school activities. The students 
individual characteristics, attitudes and personal beliefs explored are: self-efficacy towards 
mathematics and science; students perception of their ability in mathematics and science; 
attitudes towards mathematics and science; and environmental issues in science. Background 
variables provide valuable information about what the student brings to the classroom, 
whereas individual characteristics, attitudes and personal beliefs could be modified by the 
students experience in the classroom. Unless otherwise specified, the reported percentages 
are from weighted data, thereby allowing inferences to be made about the Australian student 
population. 
Student background variables 
Students who took part in TIMSS 1998 were from Year 8 in the Australian Capital Territory, 
New South Wales, Victoria and Tasmania, and from Year 9 in Queensland, South Australia, 
Western Australia and the Northern Territory. These are the Year levels containing the most 
13-year-olds in each jurisdiction and thereby complying with the TIMSS definition for 
Population 2. 
Gender and age 
There were slightly more girls (51 per cent) than boys (49 per cent) who completed the 
Student Questionnaire in TIMSS 1998. 
Students wrote their birth date in years and months in the questionnaire. The average age was 
14.3 years, which was similar to that of students in the upper grade of TIMSS 1994, at 14.2 
years old. Ages ranged from 12.3 to 17.3 years, that is, a spread of five years although only 
5.7 per cent of students were over 15 years old. 
In Australia, no gender differences were found in mathematics achievement, overall, or by 
content area. Although there were no statistically significant gender differences in science 




Country of birth 
Students in Australia were asked which country they or their parents were born. Of the 86 per 
cent of students born in Australia, 3 per cent identified themselves as being an Aboriginal 
person or Torres Strait Islander. Among parents, 67 per cent of mothers and 65 per cent of 
fathers were born in Australia.  
Students who were not born in Australia provided the age at which they arrived in Australia. 
They were between one and 15 years old with the average age being 6.2 years. Over 50 per 
cent of students had arrived in Australia by the age of six. 
Of the parents who were not born in Australia (33 per cent of mothers and 35 per cent of 
fathers), almost half came from another English-speaking country, for example, the United 
Kingdom and New Zealand. Other parents were born in an Asian country (for example, 
Vietnam, the Philippines and China) or a European country (for example, Greece, Italy and 
Croatia). 
Language spoken in the home 
Australian students were also asked how frequently they spoke English at home. The large 
majority of the Australian TIMSS 1998 students (89 per cent) reported that they always or 
almost always spoke English at home. The students, who indicated that they spoke a language 
other than English at home, identified Asian, European and Pacific Islander languages 
(including Fijian and Samoan) in order from the highest to lowest percentage. One third of the 
students who indicated that one or both parents came from overseas, and not from an English-
speaking country, spoke English always or almost always at home.1 
Internationally, an average of 79 per cent of students always or almost always spoke the 
language of the test at home. Seventeen per cent of students spoke it at home sometimes and 5 
per cent never spoke the language of the test at home. The percentage of students who spoke 
the language of the test at home the percentages ranged from a high of 99 per cent in Hungary 
to a low of 11 per cent in the Philippines. Other countries with fewer than a third of students 
speaking the language of the test at home always or almost always were South Africa, 
Singapore and Indonesia. There was very little change in the percentages of students who 
spoke the language of the test at home between TIMSS 1994 and TIMSS 1998..  
Internationally students who always or almost always spoke the language of the test at home 
had a higher achievement in the TIMSS 1998 tests than students who spoke the language of 
the test less frequently. Table 5.1 presents how frequently Australian students spoke English 
at home with their average mathematics and science achievement. Australian students who 
spoke English, the language of the test, always or almost always at home had a significantly 
higher achievement in science than those who spoke English at home only sometimes. There 
was no difference between these two Australian groups in mathematics. One of the reasons 
could be that students needed to rely more on language when completing open-ended 
questions relating to science than to mathematics. Open-ended mathematics items usually 
required students to provide their calculations or working out of an item, while open-ended 
items in science required explanations or reasons using sentences or paragraphs. 
                                                     
1 Percentage obtained from unweighted data. 
Chapter 5 − Students in TIMSS 1998 124
 
Table 5.1 Frequency Australian Students Spoke English at Home and Their Average 
Mathematics and Science Achievement 













Mathematics 89 529 10 516 1 -- 
Science 89 547 10 506 1 -- 
Home Background 
Indicators of socio-educational environment measured through the Student Questionnaire 
included educational background of parents, numbers of books and possessions in the home. 
Parents education 
Students indicated, from a list provided, the highest level of education reached by their 
mother and father. In Australia, the levels ranged from less than Year 6 to finishing a 
university degree. The Australian findings show that almost a quarter of the mothers and a 
fifth of the fathers did not complete secondary schooling. Slightly more mothers (15 per cent) 
than fathers (12 per cent) completed secondary school. A higher percentage of fathers (31 per 
cent) than mothers (28 per cent) went onto some form of vocational education or university.  
At the same time, some students reported that they were not familiar with the educational level 
reached by their mother (23 per cent) and father (26 per cent). 
Figure 5.1 Parents Educational Levels2 and Mathematics Achievement for Australian 































Note: Based on standard error estimates in Mullins et al (2000)3 the 
differences between the Australian and the International means are 
significant for all categories.  
Across countries, students who had either or both parents who completed a university degree 
achieved statistically significantly higher than students whose parents had not completed 
secondary school, a vocational/technical course or university degree. Figure 5.1 shows the 
relationship between the parents education levels and mathematics achievement for Australia 
where, as was the case internationally, the higher the parents educational level, the higher the 
                                                     
2 Parents educational level is based on the parent with the higher educational level. 
3 Mullins, I.V.S., Martin, M.O., Gonzalez, E.J., Gregory, K.D., Garden, R.A., OConnor, K.M., Chrostowski, S.J. 
& Smith, T.A. (2000). TIMSS 1999 International Mathematics Report: Findings from IEAs Repeat of the Third 
International Mathematics and Science Study at the Eighth Grade, Boston College, Chestnut Hill, MA.  
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students achievement. The relationship between science achievement and parents education 
level is similar to the data presented in Figure 5.1. In Australia, all students had at least one 
parent who completed primary school. Hence there is no mean mathematics achievement for 
the first category for Australia. 
It is a little problematic to compare parents education due to the differences in each countrys 
educational organisation. However, it was observed across countries that the higher the level 
of education of the parents, the higher the level of student achievement in both mathematics 
and science.  
Books in the home 
The number of books in the home is used in many studies as a surrogate measure of education 
and culture in the home4. This question in TIMSS 1998 had the same intent. Five categories 
ranging from up to ten to more than 200 books were provided for students to identify the 
number of books in their home, excluding magazines, newspapers and schoolbooks. Almost 
40 per cent of the Australian TIMSS 1998 students indicated that they had more than 200 
books in their home. A further 27 per cent of students had between 100 and 200 books. As 
Figure 5.2 shows, the greater the number of books the higher the achievement in both 
mathematics and science. When the number of books in the home was over 100, the 
difference between mathematics and science achievement was greater. 





















Note: Based on standard error estimates in Mullins et al (2000), students 
with more than 200 books achieved significantly higher in mathematics 
than those students with fewer than 100 books in their home. Students 
with more than 200 books achieved significantly higher than those 
students with fewer than 200 books in the home. 
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4 Robitaille, D.F., Garden, R.A. (eds.) (1989) The IEA study of mathematics II: contexts and outcomes of school 
mathematics. 1st edition. Pergamon Press, Oxford. 
 
Possessions in the home 
Students were asked about possessions in their home. Three of the possessions were common 
to Student Questionnaires from all participating countries. These possessions were computer, 
study desk/table for students use and dictionary. Since TIMSS 1994 in Australia, there has 
been a statistically significant increase of 16 per cent in the number of homes who have all 
three educational aids; a significant 11 per cent increase in the number of Australian homes 
that had a dictionary and a significant 13 per cent increase in the number of homes that had a 
computer but a 2 per cent significant decrease in the number of students who had a study desk 
or table for their own use. Most countries that took part in both TIMSS 1994 and TIMSS 1998 
had statistically significant increases in all three educational aids. 
In addition to the three possessions common to all participating countries, Australia included 
an additional five  possess own calculator, own bookshelves and books, own wardrobe, 
dishwashing machine and more than two telephones in their homes.  
Eighty-five per cent of Australian students indicated there were six or more of these 
possessions in the home. A further 10 per cent of students had five of these possessions. The 
items, from most common to least common in the home were calculator, dictionary, own 
wardrobe, study desk, computer, own bookshelves and books, more than two telephones and a 
dishwashing machine.   
A Home Educational Resources Scale (HER) was created by the international TIMSS analysis 
centre using the following variables: 
• number of books in the home 
• possession of three educational aids  computer, study desk/table for own use and 
dictionary 
• parents education.  
Reports using data from TIMSS 19945 showed that students who had a large number of books 
in their homes; a range of educational study aids such as computer, study desk and dictionary; 
or who had parents with a high level of education also had higher mathematics and science 
achievement.  
Table A5.1 (in the appendix) provides the distribution of students in the higher educational 
resources (HER) scale and mathematics and science achievement in TIMSS 1998. Overall, 
the results show that, within each country, students from the high end of the educational 
resource scale achieved higher scores in both mathematics and science than students at the 
medium or low level of the scale. Australian students reporting a high HER level had a 
significantly higher average achievement than those reporting a medium HER level. Not only 
were there differences in the average mathematics and science achievement of students at the 
three scale levels in every country for which data were available, but there was a wide range 
among the countries distributions of students in the three categories in the scale. There were 
only four countries with more than 20 per cent of students at the high end of the scale, these 
included Canada and Australia, with 27 and 24 per cent of students respectively. The 
international average for students in this category was only 9 per cent although this excluded 
England, Finland and Japan, for whom data were not available. There were several countries 
that had almost half of their students in the low HER category. 
                                                     
5 Martin, M.O., Mullis, I.V.S., Gregory, K.D., Hoyle, C.D. & Shen, C. (2000) Effective Schools in Science and 
Mathematics: IEAs Third International Mathematics and Science Study, Boston College, Chestnut Hill, MA. 
 Beaton, A.E., Martin, M.O., Mullis, I.V.S., Gonzalez, E.J., Smith, T.A. & Kelly, D.L. (1996) Science 
Achievement in the Middle School Years: IEAs Third International Mathematics and Science Study, Boston 
College, Chestnut Hill, MA. 
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Out-of-school activities 
Students provided a range of information about their out-of-school activities, before or after 
school. This consisted of recreational activities as well as time taken to study or complete 
homework. Five categories were included, ranging from no time to more than five hours. 
Homework 
On a normal school day, about two thirds of the Australian students reported that they spent 
less than one hour on each of mathematics or science homework. Slightly more than half the 
students reported spending less than an hour on homework on a normal school day for 
subjects other than mathematics and science. About a fifth of students spent between one and 
two hours on homework in mathematics; with fewer students spending this much time on 
science homework.  Some students (15 per cent for mathematics, 21 per cent for science and 
13 per cent on other subjects) spent no time on homework.  
Students in the high-achieving countries of Chinese Taipei, Hong Kong SAR, Japan and the 
Republic of Korea reported the least science and mathematics homework, with a quarter or 
more of their students spending no time on homework. These figures do not take into account 
the out-of-school educational activities that promote school learning.6 
Overall, in Australia, there were more girls studying or doing homework than boys, regardless 
of whether the homework was for mathematics or science. As shown in Figure 5.3, students 
who spent less than one hour a day doing mathematics or science homework had a higher 
achievement than those students who spent no time or those students who spent at least one 
hour completing homework.  
Figure 5.3 Amount of Time per School Day Australian Students Spent Doing 





















Note: Based on standard error estimates in Mullins et al (2000) the 
differences between the mean for students who spent up to an hour on 
homework and students who spent no time on homework are significant.  
An Out-of-School Study Time (OST) scale was created to estimate the combined amount of 
time students spent on out-of-school study of mathematics, science and other subjects. 
Students who reported spending more than three hours each school day on all subjects 
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combined were placed in the high category (high OST). Students who spent more than one 
hour but no more than three hours were placed in the medium category (medium OST). 
Students who indicated that they spent less than one hour per day on homework were placed 
in the low category (low OST). Table A5.2 in the appendix shows the percentage of students 
at the high, medium and low levels of the OST scale with their average mathematics and 
science achievement. 
Countries with a heavy emphasis on homework were the Islamic Republic of Iran, Malaysia, 
Singapore and Italy. On the other hand, more than a fifth of students from Australia, New 
Zealand, Japan, Hong Kong (SAR) and the Republic of Korea reported spending little time 
doing homework. There was little change internationally between TIMSS 1994 and TIMSS 
1998 in the amount of time students spent on homework. Canada, Latvia (LSS) and the 
Russian Federation had significantly more students at the high end of the scale, while Asian 
countries − Hong Kong (SAR), Japan, the Republic of Korea, Singapore and Thailand had 
significantly fewer students in TIMSS 1998 than TIMSS 1994, spending more than three 
hours a day on studying all subjects combined. 
Further information on homework was gained through the Teacher Questionnaires. Teachers 
were asked to report about the length of homework assigned and frequency in assigning 
homework. The scales, Teachers Emphasis on Mathematics Homework (EMH) and 
Teachers Emphasis on Science Homework (ESH), provided the percentage of students at 
the various levels of these scales across countries. Students in the high category had teachers 
who reported assigning more than 30 minutes of mathematics or science homework at least 
once or twice a week. Students in the low level were assigned fewer than 30 minutes of 
homework less than once a week or never. Students placed in the medium level of the scales 
included all other possible combinations of responses. 
Table 5.2 Teachers Emphasis on Mathematics (EMH) and Science (ESH) Homework 







International average    
Emphasis on Mathematics Homework (EMH) 35 62 47 
Emphasis on Science Homework (ESH) 19 62 18 
Australian average    
Emphasis on Mathematics Homework (EMH) 11 87 2 
Emphasis on Science Homework (ESH) 7 75 18 
 
As shown in Table 5.2 the international average for students at the high end of the EMH scale 
was almost double (35 per cent) that of the ESH scale (19 per cent). A further 62 per cent of 
students were placed in the middle level in mathematics and only 4 per cent at the lower end 
of the EMH scale. In science, 62 per cent of students were on the medium level and 18 per 
cent on the low level of the ESH scale. In other words there was a greater propensity to assign 
mathematics homework than science homework. Countries at the high end of the scale 
included the Islamic Republic of Iran, Italy, Thailand, Malaysia and Singapore. Countries 
with a relatively lower emphasis on mathematics homework were New Zealand, the Slovak 
Republic and the Czech Republic. According to the science teachers, students were given less 
time on homework in the Czech Republic, Belgium (Flemish), Bulgaria and Japan. 
In Australia (Table 5.2) very few students were assigned more than 30 minutes of homework 
at least once or twice a week (high EMH or high ESH) or were given less than 30 minutes of 
homework less than once a week or never (low EMH or low ESH). The majority of 
Australian students were likely to be between the two. Since TIMSS 1994 there has been a 
                                                     
7 Due to rounding to the nearest whole number, some totals may be more than 100 or less than 100. 
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significant decrease of 12 per cent in the percentage of students in the medium ESH, with the 
difference spreading to the other two categories. There was no change in mathematics when 
comparing teachers emphasis on homework (EMH) between TIMSS 1994 and TIMSS 1998. 
In science, internationally, there was a small but significant increase in the percentage with 
high ESH with a similar decrease in low ESH. Three countries, the Russian Federation, 
Thailand and the United States, had significant increases in the high ESH and corresponding 
decreases in the medium ESH. 
When comparing the teachers reports on the EMH or ESH scale with students reports about 
the average number of hours8 spent per day studying mathematics or science, there were both 
similarities and disparities. Generally the two indicators were more similar for mathematics 
than for science. The top 12 and eight countries listed in the high end of the EMH and ESH 
scales respectively, based on the teachers responses, were also the countries where students 
reported to have spent on average over an hour per day studying each of mathematics and 
science. However, for many other countries teachers and students reports differed. For 
example, teachers reported that only 11 per cent of students from the Republic of Macedonia 
spent more than 30 minutes on science homework at least once or twice a week. However, 
Macedonian students reported that on average they spent two hours per day on science 
homework, resulting in serious discrepancies between teachers and students estimates in the 
time required for homework. 
Watching TV and videos 
Almost a fifth of the Australian students taking part in TIMSS 1998 watched less than one 
hour of television and videos, and a further half of the students reported that they spent 
between one and two hours doing this on a normal school day. The quarter of students who 
spent three or more hours watching television and videos a day achieved at a lower level 
compared to those students who spent less time participating in this activity. Figure 5.4 shows 
the relationship for mathematics achievement and watching television and videos for 
Australia. The pattern was similar for science achievement. 
Figure 5.4 Mathematics Achievement and the Amount of Time per Day Australian 








No time Less than 1
hour












Note: Based on standard error estimates derived from the Australian data 
significant differences were found between the following categories: 
- no time and three or more hours; 
- between one and two hours and more than three hours; and  
- less than one hour and three or more hours are significant.  
 
                                                     
8 Average number of hours based on: no time = 0; less than 1 hour = 0.5; 12 hours = 1.5; 35 hours = 4; more 
than 5 hours = 7.  
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Playing sports 
A fifth of students reported that they did not play sport. Sixty-one per cent of students spent up 
to two hours on a normal school day playing sport. Fourteen per cent of students reported they 
spent between three and five hours, and 5 per cent spent more than five hours a day playing 
sport. The relationship for mathematics achievement and the time students spent on playing 
sport was similar to the relationship shown for science achievement in Figure 5.5. Overall boys 
spent more time than girls playing sport. 
Figure 5.5 Science Achievement and Amount of Time per Day Australian Students 
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Note: Based on standard error estimates derived from the Australian data 
significant differences were found between the following categories: 
- between one and two hours and more than three hours; and 
- less than one hour and three or more hours. 
Data from the International Report show that Australian students played slightly more sport 
(1.6 hours) than the international average of 1.5 hours. Chile, the Czech Republic and 
Slovenia reported students spending an average of two hours each day, while students from 
Chinese Taipei, Hong Kong (SAR), Japan, Lithuania and Malaysia spent less than 1.2 hours 
per day playing sport. 
Other activities 
Table 5.3 displays the percentages of Australian students and the amount of time they spent 
participating in various out-of-school activities. Interestingly, 41 per cent of students 
identified themselves as spending no time reading a book for enjoyment on a normal school 
day, with almost as many (36 per cent) spending no time playing computer games. About the 
same percentage of students played computer games as the percentages who played or talked 
with friends for the same time, but for less than one hour per day. Two-thirds of the 
Australian TIMSS 1998 students spent up to an hour doing jobs at home. More boys reported 
spending no time doing jobs around the house than girls. 
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Table 5.3 Amount of Time Australian Students Spent Participating in Various Activities 
 Percentage of students 
Activity No time < 1 hour 1  2 hours ≥ 3 hours 
Playing computer games 36 39 18 7 
Playing/talking with friends 10 41 33 16 
Doing jobs at home 11 61 22 6 
Reading a book 41 40 15 4 
 
The relationship of time spent on each of these out-of-school activities with students 
corresponding mathematics and science achievement produces a similar curvilinear pattern as 
that shown for the amount of time students reported playing sport.  While some participation 
in out-of-school activities does not affect achievement, periods of three hours or more result 
in lower achievement. 
Students individual characteristics, attitudes and personal beliefs 
The TIMSS 1998 Student Questionnaire included sections on how well students usually 
achieved (self-efficacy); the perception of their abilities; and their attitudes towards 
mathematics and science. 
Self-efficacy with respect to mathematics and science 
Students were asked How well do you usually do in mathematics and science? and 83 per 
cent of students for mathematics and 80 per cent of students for science either agreed or 
strongly agreed that they do well. There were very small differences between females and 
males. 
Students who believed they usually did well in either mathematics or science achieved better 
than those students who did not believe they usually did well. Figure 5.6 shows the 
relationship between Australian students belief in doing well in mathematics and their 
mathematics achievement. The difference in achievement between those students who 
strongly disagreed and strongly agreed in how well they usually did in mathematics was 119 
achievement points. In science, the difference in achievement between those students who 
strongly disagreed and strongly agreed in how well they usually did was 121 points. Similar 
results were reported in TIMSS 1994 where self-efficacy was found to have the highest 
correlation of any student characteristic variable with achievement. 
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Note: Based on standard error estimates derived from the Australian data 
the differences between the means for all categories are significant except 
between students who strongly disagree and those who disagree in their 
belief in how well they usually do in mathematics.  
Students perceptions of their ability in mathematics and science 
The Student Questionnaire asked students about the perceptions of their ability in 
mathematics and science. The TIMSS 1998 Student Questionnaire included a new question, 
with four statements for science and five statements for mathematics. Table 5.4 lists these 
statements, along with the percentage of students who either disagreed or strongly disagreed. 
Table 5.4 Australian Students Who Disagreed or Strongly Disagreed with Statements 
Relating to their Ability in Mathematics and Science 
Statement Science Mathematics 
 Disagree/ 
Strongly disagree 
(% of students) 
Disagree/ 
Strongly disagree 
(% of students) 
I would like mathematics/science much more if 
it were not so difficult. 
51 44 
Although I do my best, mathematics/science is 
more difficult for me than for many of my 
classmates. 
69 64 
Nobody can be good in every subject, and I am 
just not talented in mathematics/science. 
63 60 
Mathematics/science is not one of my strengths. 54 54 
Sometimes when I do not understand a new 
topic in mathematics initially, I know that I will 
never really understand it. 
Not applicable9 73 
 
The first four statements for science were used to create the students Self-concept in the 
sciences scale (SCS), and all five statements for mathematics were included in the Self-
concept in mathematics scale (SCM). Students who indicated that they disagreed or strongly 
disagreed with all statements were placed in the high category of the scale. Students who 
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9 This statement was not included for science. 
 
agreed or strongly agreed were placed in the low category, and those students with all other 
possibilities were placed in the middle category of the self-concept scale. 
Forty-five per cent of all students from the Russian Federation and about a third of all 
students from Canada, Finland, the United States and Australia had a high self-concept in 
mathematics. This was well above the international average of 18 per cent for the high level 
of the SCM scale. Internationally, as well as in Australia, the higher SCM scores were 
associated with higher achievement in mathematics. 
Differences between boys and girls self-concept were examined internationally for each of 
the three levels of SCM and SCS scales. In Canada, Chinese Taipei, the Czech Republic, 
England, Finland, Hong Kong (SAR), Japan, Korea, the Netherlands and the United States 
significantly more boys than girls had a high mathematics self-concept. On the other hand, in 
Belgium (Flemish), Japan, Morocco and Tunisia there were significantly more girls than boys 
who had a low self-concept. There were several countries, including Australia, where no 
significant gender differences were found with the three levels of self-concept. 
Internationally, a quarter of the TIMSS 1998 students who were taught an integrated science 
course were at the high level of the self-concept in the sciences scale (SCS), indicating that 
they believed in their ability in science, and a further 56 per cent of the students were at the 
medium SCS level. For science, the highest percentage of students in the high level of the 
self-concept scale came from the United States, England and Israel. The Republic of Korea, 
Indonesia and the Philippines had the least number of students in the high end of the scale. 
Almost 40 per cent of Australian students were in the high SCS category, indicating that they 
disagreed or strongly disagreed with the four statements. Internationally, as well as in 
Australia, the higher SCS categories were associated with higher achievement in science. 
In nine out of 23 countries that taught science as a general or integrated subject there were 
significantly more males who had a high self-concept than females. In Australia significantly 
more boys were in the high SCS level while significantly more girls were in the medium SCS 
level. 
Attitudes towards mathematics and science 
Students were asked to indicate how much they liked or disliked mathematics and science. 
Two-thirds of Australian students reported they liked mathematics and a similar proportion 
indicating that they liked science. Only a tenth of the students disliked mathematics and 
science a lot. The relationship between science achievement and students degree of liking 
science is shown in Figure 5.7. The pattern for mathematics was similar, showing that the 
more students like the subject, the higher their achievement. 
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Note: Based on standard error estimates derived from the Australian data 
significant differences were found between the following categories: 
- dislike a lot and like a lot; and 
- dislike and like a lot. 
Half the students thought that mathematics was boring and a third indicated that mathematics 
was an easy subject. Approximately 90 per cent of students agreed or strongly agreed that 
mathematics was important to everyones life and 44 per cent of Australian students would 
like a job involving mathematics. 
Students results relating to science showed similar distributions as for mathematics. The 
major difference was that 70 per cent of students believed science was important to 
everyones life. 
Scales of attitudes towards mathematics (PATM) and attitudes towards science (PATS) 
(Table A5.3 and A5.4 respectively) were constructed by averaging the responses to the 
following five statements: 
• I like mathematics/science. 
• I enjoy mathematics/science. 
• Mathematics/science is boring.10 
• Mathematics/science is important to everyones life. 
• I would like a job that involved using mathematics/science. 
 
Students at the high end of the scale had positive or strongly positive attitudes towards 
mathematics or science. Students at the low end of the scale had either negative or strongly 
negative attitudes towards mathematics or science. Students with all other combinations were 
placed in the middle category of the scale. 
Table A5.3 shows the distribution of students with a high positive attitude towards 
mathematics (PATM). Students from Malaysia (74 per cent), Morocco (73 per cent), the 
Philippines (59 per cent) and Tunisia (57 per cent) were well above the international average 
of 37 per cent. Very few students from Japan and the Republic of Korea (both 9 per cent) had 
strongly positive attitudes towards mathematics.  
Within countries, students who performed better than other students also had more positive 
attitudes towards mathematics. However, this was not necessarily true across countries. There 
were several countries, including some of the high-achieving Asian countries, that had very 
high average achievement levels but very small percentages of students who held strongly 
positive attitudes towards mathematics or science. This suggests that positive attitudes alone 
do not explain a high standard, and that other factors may be operating. The factors at work 
                                                     
10 The response categories for this statement were reversed for use in the attitudinal scale. 
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are hard to identify, as high-achieving Asian countries differed significantly in the percentage 
of students in the high PATM category. Two high-achieving countries where very small 
percentages of students had high PATM were Japan (9 per cent) and the Republic of Korea (9 
per cent) while a higher percentage of students in Hong Kong (28 per cent), Chinese Taipei 
(23 per cent) and Australia (30 per cent) were high in PATM. On the other hand, Singapore 
had 45 per cent of its students in the high PATM category, yet all five Asian countries had the 
highest achievement in mathematics. This pattern was also found in the earlier TIMSS 1994 
study. 
Table A5.4 presents the countries with the highest percentages of students who reported a 
high positive attitude towards science (PATS). These included Malaysia (72 per cent), the 
Philippines (63 per cent) and Tunisia (63 per cent). On average, internationally, 40 per cent of 
students had a high PATS, 49 per cent had a medium PATS and 10 per cent of students had a 
low PATS. 
Countries with the lowest percentage of students with a high positive attitude to science were 
Australia (27 per cent) and a number of Asian countries  Chinese Taipei (27 per cent), Hong 
Kong (SAR) (25 per cent), the Republic of Korea (10 per cent) and Japan (10 per cent). With 
the exception of Chinese Taipei, these countries performed similarly to Australia. A fifth of 
Australian students had a low PATS compared to approximately a tenth of students 
internationally. Japan and the Republic of Korea had a somewhat higher percentage of 
students than Australia at the low end of the scale. 
In several countries there were significantly higher percentages of boys than girls who 
showed strongly positive attitudes towards mathematics11 (PATM) or science12 (PATS). 
There were, however exceptions − Chile (for science) and the Philippines (for both 
mathematics and science) − where girls scores were significantly higher than boys at the 
high end of the attitudinal scale. For Australian students, significantly more males than 
females had high positive attitudes for mathematics, and significantly more females had a low 
PATS. 
Internationally there was very little change in science and mathematics attitudes between 
students in TIMSS 1994 and TIMSS 1998. However, there were several significant changes 
in Australia. In mathematics, Australia was one of two countries (the other being Lithuania) 
where there was a statistically significant increase between TIMSS 1994 and TIMSS 1998 in 
the number of students in the high PATM scale. In science, Australia was the only country 
where general or integrated science was taught that showed a statistically significant increase 
in the high PATS scale with a corresponding significant decrease in the low PATS.  
Environmental issues in science 
In addition to the questions relating to attitudes and personal beliefs, students were also asked 
about some of the worlds environmental problems, and how much the application of science 
could help in addressing different environmental problems. 
Students were more likely to consider that damage to the ozone layer (55 per cent), 
problems from nuclear power plants (49 per cent), water pollution (47 per cent) and air 
pollution (45 per cent) could be helped a great deal with the application of science. They 
were less optimistic about the help science could provide for endangered species (39 per 
cent) and the destruction of forests (32 per cent). 
                                                     
11 Australia, Bulgaria, Canada, Chile, Chinese Taipei, England, Finland, Hong Kong (SAR), Japan, the 
Netherlands, Singapore, Tunisia, Turkey and the United States. 
12 Chinese Taipei, Cyprus, England, Hong (SAR), Israel, Japan, the Republic of Korea, New Zealand, Singapore 
and the United States. 
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Few students (approximately 5 per cent) thought that the application of science would not be 
able to help each of the following environmental problems  problems from nuclear power 
plants, destruction of forests, damage to the ozone layer and endangered species. 
Examining variables in combination 
So far this chapter has discussed several variables reported from the student questionnaire and 
their impact on performance in terms of bivariate statistics only. However, further analyses 
can provide valuable information when considering student characteristic variables together. 
To this end multiple regression analyses were undertaken to establish the student variables 
that predict performance variation for the TIMSS 1998 students and to explore the 
contributions of student characteristics to sources of variability.  
Variables that were similar conceptually were grouped into constructs. The composite scales 
formed were Ethnicity, Home educational resources, Students perceived ability in 
mathematics and science and Students positive attitudes towards mathematics and science. 
Any variable used to form a scale that yielded a negative correlation with achievement was 
reversed. These scales are listed below with a short description of their contents. 
 
Ethnicity 
 Composite of: 
Neither parent born in Australia 
One parent born in Australia 
Both parents born in Australia 
   
Home educational 
resources scale 
 Composite of: 
Number of books in the home 
Possessions in the home 
Higher of parents education 
   
Students perceived 
ability in mathematics 
and science 
 Composite of: 
I would like mathematics/science if it were not so difficult. 
Although I do my best, mathematics/science is more difficult for me than 
for many of my classmates. 
Nobody can be good in every subject, and I am just not talented in 
mathematics/science. 
Mathematics/science is not one of my strengths. 
   
Students positive 
attitudes towards 
mathematics and science 
 Composite of: 
I like mathematics/science 
I enjoy learning mathematics/science 
Mathematics/Science is boring 
Mathematics/Science is important to everyones life 
I would like a job that involved using mathematics/science 
 
Many of the student characteristic variables are related to each other as well as to 
achievement. Such variables interact with each other, and the relationship may well be 
different than when the relationship of only two variables is examined. 
Prior to carrying out the analyses simple bivariate relationships between achievement and 
student characteristics were carried out. The correlation coefficients for each of the variables 
with achievement are shown in Table 5.5. The values in this table indicate which student 
characteristics were likely to be most predictive of achievement. The correlation coefficients 
for variables used in scales, Students perception of their ability in mathematics and science; 
and Students attitudes towards mathematics and science, have also been included. 
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Table 5.5 Summary of Correlations Between Achievement in Mathematics and Science 





Gender .02 .11* 
Age .02 .01 
Ethnicity .01 .09* 
English spoken at home .07* .15* 
Home educational resources .25* .27* 
Time spent outside of school on homework .04* .08* 
Self-efficacy (Student perceives self as good at mathematics/science .38* .34* 
Students perceived ability in mathematics/science  .45* .39* 
I would like mathematics/science if it were not so difficult. .35* .30* 
Although I do my best, mathematics/science is more difficult for me than 
for many of my classmates. 
.40* .37* 
Nobody can be good in every subject, and I am just not talented in 
mathematics/science. 
.42* .38* 
Mathematics/science is not one of my strengths. .42* .35* 
Sometimes, when I do not understand a new topic in mathematics initially, 
I know that I will never really understand it. 
.38* n/a 
Students positive attitudes towards mathematics/science .45* .39* 
I like mathematics/science .20* .23* 
I enjoy learning mathematics/science .15* .22* 
Mathematics/Science is boring .11* .18* 
Mathematics/Science is important to everyones life .01* .16* 
I would like a job that involved using mathematics/science .16* .25* 
*significant at p < .01, based on simple random sample assumption.  
 
 
The model presented in Figure 5.8 was created to examine the relative contribution of these 
variables to achievement. As mentioned above, only the variables that have been discussed in 
the chapter have formed part of the model. The single variables and scales used in the analysis 
were grouped as follows. 















Student background  
Gender 
Ethnicity 
English spoken at home 
Home educational resources 
Homework
Achievement 




Student Perceived Ability 
 
The hypothesised model indicates student characteristics hypothesised to be related to 
achievement. Student background is placed first to indicate the characteristics students bring 
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into the learning environment. Student background is predicted to influence achievement 
directly as well as student attitudes, perceived ability, attitudes towards mathematics and 
science and the amount of homework a student undertakes. The model also proposes that 
there are interactions between student attitudes, self-efficacy, perceived ability and 
achievement. The double-headed arrows indicate that some of the relationships are likely to 
be reciprocal. 
The regression analyses reported offer suggestions of variables that make a stronger 
contribution than others to student achievement. Using the above model, two sets of results 
were produced: one in relation to mathematics achievement and the other in relation to 
science achievement. 
Regression analyses for mathematics 
The regression analyses used the scales rather than constituent variables. Gender, ethnicity 
and the amount of homework were not statistically significantly related to mathematics 
achievement. These variables were subsequently removed from the model and the regression 
analysis repeated. Table 5.6 shows the results of the repeated analysis13. The standardised 
regression coefficients (or β) represent the effect that a standard deviation difference on a 
particular variable would have on mathematics achievement. For example, the β-weight for 
English spoken at home is .054, which means a difference of one standard deviation in 
English spoken at home is predicted to be associated with a difference of .054 standard 
deviations in mathematics achievement. In addition, as the β-weight is positive, a student who 
speaks English more frequently at home is predicted to have a higher mathematics 
achievement score.  
Table 5.6 Standardised Regression Coefficients (β) for Student Characteristics Analysed 
with Mathematics Achievement  








English spoken at home .054* 11.85* 
Home educational resources .165* 27.18* 
Self-efficacy .253* 30.42* 
Students perceived ability in mathematics .329* 41.68* 
Students positive attitudes towards mathematics −.079* -9.63* 
Multiple R                                .530   
Multiple R2                                               .280   
*significant at p < .001 
 
The size of the β-weight indicates the relative importance of each variable on mathematics 
achievement. Based on the standardised regression coefficients, the model shows that the 
greatest effect on mathematics achievement is students perceived ability in mathematics, 
with the largest β-weight. Self-efficacy towards mathematics and home educational resources 
had the next largest effect on mathematics achievement. 
The multiple correlation coefficient (R) in this model indicates that the correlation between 
mathematics achievement and the entire set of variables is .530. The multiple R2 is the 
proportion of variance in mathematics achievement that can be explained jointly by or 
                                                     
13 In accord with convention both standardised and unstandardised regression coefficients are recorded but most of 
the discussion is based on the standardised coefficients. 
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associated jointly with all of the variables. This model indicates that the combination of the 
variables explains about 28 per cent of the variance in mathematics achievement. 
An interesting finding is the direction of the influence for students positive attitudes towards 
mathematics. The negative symbol is contrary to the relationship found in the bivariate 
correlation. Statistically this can be explained by the interaction of other variables in this 
model, whereby, other variables are suppressing the positive correlation between attitudes 
towards mathematics and mathematics achievement. One explanation could be that although 
students may have a negative attitude towards mathematics (ie. they may not enjoy 
mathematics) they perceive that they have the ability to do well. The evidence in some of the 
high achieving Asian countries, where the percentage of students who reported positive 
attitudes towards mathematics was low, backs this up. 
Regression analyses for science 
The same procedures were applied to science as were used when investigating the 
mathematics model. Homework and students positive attitudes towards science were dropped 
because of a lack of significance in the model. 
As shown in Table 5.7, the strongest predictors were students perceived ability in science, 
home educational resources and self-efficacy. The effects of English spoken in the home and 
Ethnicity were smaller. This model indicates that the combination of the variables explains 
about 25 per cent of the variance in science achievement. 
Table 5.7 Standardised Regression Coefficients (β) for Student Characteristics Analysed 











Ethnicity .067* 6.79* 
English spoken at home .099* 23.18* 
Home educational resources .200* 35.41* 
Self-efficacy .184* 22.99* 
Students perceived ability in science  .269* 32.55* 
Multiple R                                .491   
Multiple R2                                               .269   
* significant at p < .001 
 
Note: It had previously been found that there was a correlation between gender and science 
achievement (see Table 5.5).  In multivariate analysis this effect was still evident indicating that it was 
not mediated by other variables such as self-efficacy and perceived ability.14 
 
Comparisons between mathematics and science 
The results of the analyses showed both similarities and differences between mathematics and 
science. A students perceived ability was found to be the strongest predictor of achievement 
for both mathematics and science. Self-efficacy, home educational resources and English 
spoken at home were also found to have a significant, impact on both mathematics and 
science achievement although these effects were smaller in magnitude than perceived ability. 
Gender and ethnicity had an influence on science achievement but not on mathematics 
                                                     
14 When gender was included in the analyses the regression coefficients were .09 (standardised) and 14.94 
(unstandardised). 
Chapter 5 − Students in TIMSS 1998 140
 
achievement. Positive attitudes were not significant in the science model and, due to 
interactions with other variables, appeared to influence mathematics achievement negatively. 
Constructs such as student attitudes and beliefs are complex and it is not possible, in a Student 
Questionnaire that is examining a number of variables to gain a thorough understanding of 
them through the few items asked of students. The analyses of TIMSS 1994 acknowledged 
there were gaps in assessing these areas and increased the number of items in this area for 
TIMSS 1998. However even the additional questions were not enough to provide a clearer 
picture. 
Summary 
This chapter has examined the background data, socio-economic environment, out-of-school 
activities, and attitudes and personal beliefs of students in their second year of high school 
who participated in TIMSS 1998. 
Most Australian students (86 per cent) were born in Australia and, among those who were 
born overseas, half had arrived in this country before the age of six. The majority of students 
spoke English at home always or almost always. Where one or both parents came from non-
English-speaking countries, a third of the students spoke English always or almost always at 
home. The impact on achievement was first examined in terms of bivariate statistics. Students 
in Australia who spoke English at home always or almost always had a higher achievement in 
science in both TIMSS 1994 and TIMSS 1998. However, there was no difference in 
mathematics achievement in either study for Australian students. Variables relating to the 
socio-educational environment were also measured through the Students Questionnaire. 
Internationally and in Australia, the higher the educational level of the parents, the higher the 
students achievement in mathematics and science. Possessions in the home, books, computer 
and a desk for sole use were also positively correlated both in Australia and overseas with 
higher achievement. 
Variables relating to students out-of-school activities and to several aspects of their attitudes 
towards mathematics and science were also correlated with achievement. Students who 
reported that they spent more than three hours doing homework on all subjects combined on a 
normal school day had a higher achievement in mathematics and science than students who 
spent less time. On the other hand, students who spent more time watching television or on 
other activities such as playing computer games or doing jobs around the house, had lower 
achievement levels.  
Higher positive attitudes towards mathematics and science were positively linked to higher 
achievement. This was true internationally, within countries and for Australia. However, there 
were several high-achieving Asian countries with few students indicating high positive 
attitudes towards mathematics and science. In the case of Australia, the statistically significant 
increase in the percentage of students with high positive attitudes towards mathematics and 
science is most encouraging. 
Multiple regression analyses described and discussed in the latter part of the chapter gave 
valuable information by providing an indication of the direction and size of the relationship 
between a number of student characteristics and achievement. In both mathematics and 
science, the model showed that the greatest effect on achievement was the students perceived 
ability in mathematics and science. Self-efficacy, home educational resources and English 
spoken at home had a smaller though significant impact. The student characteristics examined 
accounted for 25 per cent of the variance in science achievement and 28 per cent of the 
variance in mathematics achievement.  
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TEACHERS AND TEACHING 
Overview 
This chapter draws on data collected in TIMSS 1998 through two teachers questionnaires. 
Though the questionnaires varied slightly, both mathematics and science teachers provided 
information about their background and training as well as their teaching practices. Information 
was also collected about their attitudes towards the teaching of mathematics or science, materials 
used, the use of computers and the role of homework. 
The data collection for TIMSS 1998 was based on the mathematics class, so that one mathematics 
teacher per school was required to complete a questionnaire. However, in many schools, students 
from the sampled mathematics classes were taught science in a number of classes, so that several 
science teachers were often required to complete a questionnaire for each school. In Australia, 160 
mathematics teachers (94 per cent returns)1 and 484 science teachers (90 per cent returns)2 
completed the questionnaires. 
The mathematics and science teachers responses to the questionnaires were not necessarily 
representative of mathematics and science teachers in Australia. These were the teachers of the 
representative randomly selected sample of students assessed as part of TIMSS 1998 and this was 
different from a representative randomly selected sample of teachers. It is therefore important to 
remember that the information in this chapter provides the educational context for the 
representative sample of students. 
The chapter presents information on the age and gender of mathematics and science teachers; 
teachers preparation to teach mathematics and science; classroom practices and activities; and use 
of computers (and calculators) in mathematics and science classes. 
Age and gender of Mathematics and Science teachers 
As can be seen in Figure 6.1 the majority of Australian students were taught by mathematics 
teachers who were in their twenties, thirties and forties, with the smallest group in the fifty or 
older age group. When compared to the international average, Australia had a higher percentage 
of mathematics teachers among the 29 years or under group and a lower percentage among the 50 
years or older group. Among the seven countries listed below only Singapore had a larger 
percentage in the 29 year and under category and Australia had the smallest percentage of teachers 
who were 50 years or older. 
Figure 6.2 shows that 65 per cent of Australian students were taught by science teachers who were 
aged between 30 and 49 years of age. The percentage of Australian teachers in the 3039 year age 
group was the same as that of Canada and the international average. As a group Australian 
students were taught by science teachers who were older than their mathematics teachers. 
There has been a shift towards younger teachers since TIMSS 1994 when almost three-quarters of 
the teachers were aged between 30 and 49 years, about 30 per cent in the 30 to 39 age range and 
almost 45 per cent in the 40 to 49 age range. Only five per cent were under 30 years of age.3 
                                                     
1 Out of 170 possible questionnaires. 
2 Out of 538 questionnaires. 
3 Lokan, J., Ford, P. & Greenwood, L. (1996) Maths and Science on the line: Australian junior secondary students 
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4 These were the teachers of the representative randomly selected sample of students that participated in TIMSS 1998. 
Australias achievement was compared to that of Canada, England, New Zealand and the United States in Chapters 2, 
3 and 4. Singapore was selected as the country with the highest average scale score in mathematics and the second-
highest scale score in science. Chinese Taipei (Taiwan) was selected as the country with the highest average scale 
score in science and the third-highest scale score in mathematics. Chinese Taipei is the only country whose average 
scale score in science is significantly higher than Australias. 
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Across countries, in TIMSS 1998 60 per cent of students in mathematics and 58 per cent in 
science were taught by females. The Australian figures were almost the reverse, with 42 per cent 
of students in mathematics and 43 per cent of students in science being taught by females. The 
ratio of females to males was similar to Australia in countries including Canada, England, New 
Zealand and Chinese Taipei but very different from that in Singapore. 
Teachers preparation to teach mathematics and science 
Formal education 
TIMSS 1998 collected information on the highest level of formal education completed by 
teachers. Mathematics and science teaching requires well-trained teachers with a sound 
knowledge of the subject matter as well as the skills required to teach their subject. All Australian 
students were taught by teachers who had least one years teacher training. However, teachers 
were not necessarily teaching in their major area of study. Almost three-quarters of Australian 
students had teachers who had mathematics as a major area of study. This percentage compared 
well with countries like Malaysia (also 72 per cent), United States (61 per cent), New Zealand (51 
per cent) and Canada (28 per cent). However, there were several countries where teachers were 
teaching in their area of specialisation and had teacher certification. The international average for 
teachers with a mathematics major was 84 per cent and 85 per cent had a teachers certificate. In 
countries including Hungary, the Republic of Macedonia and Korea, 97 per cent or more of 
mathematics teachers had both a major in mathematics and teacher certification. In Australia 
students were taught by teachers with a teachers certificate but only 72 per cent had teachers with 
a mathematics major. 
In 21 countries taking part in TIMSS 1998, including Australia, general science or integrated 
science was taught in the lower secondary years. However, this was not the case in 16 other 
countries where science was taught as separate subjects, for example, Physics, Chemistry, Biology 
or Earth Science. In countries that taught integrated science, 82 per cent of teachers had science as 
a major area of study, though the areas of specialisation could include biology, chemistry, physics 
or science education. However, in countries where science was taught as separate subjects, 
teachers were more likely to be teaching in their area of specialisation.5 Eighty-seven per cent of 
Australian students were taught by teachers who had a major in science  which was higher than 
the international average of 82 per cent but lower than that of England (95 per cent), Singapore 
(94 per cent) and Israel (95 per cent). Over 90 per cent of teachers in these three countries also had 
teacher training. 
Confidence in teaching mathematics and science 
In addition to questions on their qualifications, teachers were asked how well prepared they felt 
about teaching various aspects of the curriculum. Mathematics teachers were asked how well 
prepared they felt to teach each of 12 mathematics topics. The teachers confidence in their 
preparation to teach a range of mathematics topics is presented in Table 6.1. Overall, Australian 
mathematics teachers felt confident about teaching their subject area, with at least 80 per cent of 
mathematics teachers reporting that they were confident about teaching 11 of the 12 topics listed. 
Geometric figures, symmetry, motions and transformations, congruence and similarity was the 
topic for which Australia, Canada and the United States reported the lowest percentages of teacher 
confidence. Geometry was also the content area where each of these countries had the lowest scale 
score. Across countries, teachers felt most confident teaching fractions, decimals and percentages 
(82 per cent); perimeter, area and volume (82 per cent); solving linear equations and inequalities 
                                                     
5 Martin, M.O., Mullis, I.V.S., Gonzalez, E.J., Gregory, K.D., Smith, T.A., Chrostowski, S.J., Garden, R.A., OConnor, 
K.M. (2000) TIMSS 1999 International Science Report: Findings from IEAs Repeat of the Third International 
Mathematics and Science Study at the Eighth Grade. International Study Center, Boston College, Chestnut Hill MA, 
p.199. 
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(81 per cent); and evaluating and performing operations on algebraic expressions (80 per cent). 
Teachers felt least prepared to teach simple probabilities  understanding and calculations (55 per 
cent). 
A scale6 of teachers confidence in their preparation to teach mathematics was constructed based 
on the responses to the 12 questions about how prepared they felt to teach different mathematics 
topics. Responses were given on a three-point scale: very well prepared was given a value of 
three, somewhat prepared a value of two and not well prepared a value of one. Students were 
assigned to the high level of the scale if their teachers felt that they were very well prepared, with 
an average of 2.75 or higher across the 12 topics. The teachers of students in the medium level 
were somewhat prepared, with an average of between 2.25 and 2.74. Students were assigned to 
the low level if their teachers reported that they were not well prepared, with an average score 
below 2.25. Table A6.17 presents the full set of data for the scale of teachers confidence in their 
preparation to teach mathematics (CPTM) and student achievement in TIMSS 1998.  
Overall, the higher the teachers level of confidence, the higher the student achievement. 
However, care needs to be taken in interpreting the data as cultural and curricular issues may 
affect how teachers respond to such questions. Teachers reported a low level of confidence in both 
low and high-achieving countries. For example, only eight per cent of Japanese teachers had a 
high level of confidence in their preparedness to teach a topic, yet Japan was one of the highest 
achieving nations in mathematics. 
The teachers confidence in their preparation to teach a range of science topics is presented in 
Table 6.2. Overall, in Australia as well as internationally, students were taught by science teachers 
who appeared less confident than mathematics teachers. The lowest percentage score for 
Australian teachers was 38 per cent confidence in teaching Earth Science  Earths features and 
physical processes compared with the most confident (76 per cent) in teaching Biology  structure 
and function of the human system. Australian teachers as well as teachers internationally felt most 
confident teaching Biology and least well prepared to teach Earth Science. 
A scale of teachers confidence based on their responses to how prepared they felt to teach 
different science topics was constructed to gauge their preparedness to teach science. This was set 
up in a similar way to the one for mathematics teachers described above. Students were assigned 
to the high level of the scale if their teachers felt that they were very well prepared, with an 
average of 2.75 or higher across the 10 topics; to the medium level if teachers were somewhat 
prepared, with an average of between 2.25 and 2.74 and to the low level if their teachers reported 
that they were not well prepared, with an average score below 2.25. Table A6.2 presents the scale 
of teachers confidence in their preparation to teach science. Internationally, 80 per cent of 
students were taught by teachers with a medium or low level of confidence. In Australia 88 per 
cent of students had teachers who reported a high or medium scale of confidence and in Chinese 
Taipei, the country with the highest achievement score, only 14 per cent of teachers had a high 
level of confidence. Here again, the interpretation of the data needs to take into account both 
cultural and curricular issues. If the science curriculum in a country does not emphasise a topic, 
teachers may feel less well prepared to teach it than one which was in the core curriculum. 
                                                     
6 As part of data analysis, work was undertaken by the International Study Centre to group a number of questions into 
meaningful scales. 
7 Tables A6.1−A6.10 are presented in Appendix A. 
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Table 6.1    Teachers Confidence in Their Preparation to Teach Mathematics Topics 
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Table 6.2    Teachers Confidence in Their Preparation to Teach Science Topics 
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Classroom practices and activities 
Information about teaching practices was collected in both the teacher and student questionnaires. 
The data collected provide information on the activities most often used in classes around the 
world. Teachers were asked how often certain activities including homework review, style of 
presentation or tests took place. Students were also asked how often certain activities like 
discussing homework or working on mathematics projects took place in their lessons.  
Time allocation to mathematics and science teaching 
The Australian students spent 13 per cent of the total teaching time in mathematics classes with 
another 13 per cent in science classes. 
In mathematics, 44 per cent of Australian students were allocated between 3.5 and 5 hours of 
mathematics per week, while 50 per cent had between 2 and 3.5 hours per week. Across countries 
just over half (53 per cent) of the students had between 2 hours and less than 3.5 hours weekly and 
a third between 3.5 and 5 hours of mathematics per week. The majority of students in some high-
achieving countries including Korea (96 per cent) and Japan (97 per cent) had less than 3.5 hours 
per week mathematics teaching while in others, for example, Hong Kong, 80 per cent received 
more than 3.5 hours per week. The number of hours of mathematics taught weekly did not 
necessarily result in higher achievement. However, in Australia the average achievement of 
students who had between 3.5 and less than 5 hours of mathematics teaching per week was 
significantly higher than those who received between 2 and less than 3.5 hours of mathematics 
weekly. 
In Australia, there was no difference in the number of hours that mathematics was taught weekly 
between TIMSS 1994 and TIMSS 1998. Across countries there has been a statistically significant 
decrease of 7 per cent (between TIMSS 1994 and TIMSS 1998) in the percentage of students who 
had between 3.5 and less than 5 of hours of mathematics weekly and an increase in the number of 
students who had less than 3.5 hours of mathematics each week. 
Almost two-thirds of Australian students were allocated between 2 and 3.5 hours of science per 
week, while just over a quarter were timetabled for between 3.5 and 5 hours of science classes per 
week. Across countries 59 per cent of students who studied general or integrated science received 
between 2 and less than 3.5 hours weekly, with 26 per cent having more than 3.5 hours and 15 per 
cent less than 2 hours. In countries that taught science as separate subjects, students had less than 
2 hours per week per subject. However, as these students took more than one science subject they 
received comparable or higher teaching time than students in integrated science. In some high-
achieving countries, for example, Chinese Taipei and Hungary, science was taught as separate 
subjects, while in others including Japan and Korea integrated science was taught.  
The majority of students in some high-achieving countries, including Korea (94 per cent) and 
Japan (100 per cent), had less than 3.5 hours per week science teaching. The number of hours that 
science was taught weekly did not necessarily result in higher achievement, for example, in the 
United States or Israel. In contrast, in Australia, the average achievement of students who had 
between 3.5 and less than 5 hours of science teaching per week was significantly higher than those 
who received between 2 and less than 3.5 hours of science weekly. 
Activities in mathematics classes 
In Australian classes, students spent approximately two-thirds of their mathematics class time in 
lecture-style presentation, teacher-guided student practice and independent student practice. The 
activities in mathematics classes in Australia were not different from Canada, England and the 
United States. Canadas overall achievement in mathematics was not different from Australia 
though it was lower for England and the United States. In contrast, in high-achieving Asian 
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countries including Chinese Taipei, Hong Kong, Japan, the Republic of Korea and Singapore, 
more time was spent on lecture-style presentation by teachers and less time in student independent 
practice.8 
For most Australian students (91 per cent) working on worksheets or from their textbooks was a 
common activity  an activity which was not so widely reported in most other countries, as 
internationally such practice was undertaken regularly by only 59 per cent of students. In 
Australian classes, fewer students (44 per cent) often discussed their completed homework in class 
than the international average (55 per cent) and a greater proportion of students in Australia began 
their mathematics homework in class than internationally.  
Mathematics teachers were asked how much emphasis they placed on mathematics reasoning and 
problem solving. Australian teachers reported how often they asked their students to explain the 
reasoning behind an idea (62 per cent of teachers); to represent and analyse relationships using 
tables, charts and graphs (15 per cent of teachers); to work on problems for which there was no 
immediately obvious method of solution (10 per cent of teachers); to write equations to represent 
relationships (32 per cent of teachers); and to practise computational skills (55 per cent of 
teachers). In Australia, the most often used problem solving activity was asking students to 
explain their reasoning behind an idea (62 per cent). This compared with the international average 
of 70 per cent. In the four other areas Australian students were less likely than the international 
average to be asked by their teachers to undertake problem solving or computational activities in 
their mathematics classes.  
As the same questions about problem solving activities were asked of teachers in both TIMSS 
1994 and TIMSS 1998, it was possible to investigate any changes over the four-year period. Table 
A6.3 presents the changes between TIMSS 1994 and TIMSS 1998 for the countries that took part 
on both occasions. Across countries, there were statistically significant differences in 1998 in four 
of the five activities, which were: represent and analyse relationships using tables, charts or 
graphs; work on problems for which there is no immediately obvious method of solution; write 
equations to represent relationships; and practise computational skills. In Australia, there was 
some increase in all five activities but the one statistically significant change was an increase in 
writing equations to represent relationships. 
A scale based on four of the five problem solving activities listed in Table A6.3 investigated the 
emphasis on mathematics reasoning and problem solving (EMRPS). Based on teachers 
responses, the average was calculated across the four items: a score of 1 was never or almost 
never; 2 was in some lessons; 3 was in most lessons; and 4 was in every lesson. The results are 
shown in Table A6.4. A high level of EMRPS indicates that students were asked to do these 
activities in most of their lessons. For the medium level, teachers used these activities in some 
lessons, while a low level indicates that students undertook these activities rarely or never. 
Japan was the only country where almost half the students were taught by teachers at the high 
level of EMPRS compared with Australias 7 per cent and the international average of 15 per cent. 
Internationally, 61 per cent of students were in the medium level compared to 54 per cent in 
Australia. Across countries only a quarter of students were in the low level, which contrasted with 
the 39 per cent of Australian students at that level. When teachers emphasised reasoning and 
problem solving, student achievement was higher across countries and in many countries. In 
Australia, students at the medium level on the EMRPS scale achieved a higher scale score than 
those low on the EMRPS scale. However, the 7 per cent of Australian students high in EMPRS 
had a lower average achievement than those with medium EMRPS though the results were not 
significantly different. 
                                                     
8 A detailed explanation of how lessons were structured and delivered and the kind of mathematics presented in Japan 
can be found in Stigler, J.W., Gonzales, P., Kawanaka, T., Knoll, S. & Serrano, A. (1999) The TIMSS Video 
Classroom Study, US Department of Education, NCES 99-074. 
Chapter 6 − Teachers and Teaching 150
 
The same scale (EMRPS) was constructed in both TIMSS 1994 and TIMSS 1998 and it was 
therefore possible to examine change over time (Table A6.5).  Across countries there has been a 
small but significant shift with more students in the high EMRPS and fewer students in the low in 
1998. For Australia there has been a modest but positive shift, with more students in the high and 
less students in the low EMRPS scale in 1998. In Table A6.5, when significance tests were 
adjusted for multiple comparisons the increase in high and the decrease in low EMRPS were not 
significant for Australia. However, when the changes between 1994 and 1998 are tested for 
significance for Australia alone, significantly more Australian students were in the high EMRPS 
in 1998 than in 1994. In summary, in 1998 there were more Australian students in classes where 
teachers emphasised mathematics reasoning and problem solving. 
Activities in science classes 
The three major areas where Australian students spent just over half their class time were in 
lecture-style presentation by the teacher, teacher-guided student practice and in students 
conducting experiments. These three activities were the most common internationally as well. 
Australian students had less time in lecture-style presentations and significantly more time in 
teacher-guided student practice and in conducting experiments than the international average. 
Students in several high-achieving countries, for example, Chinese Taipei, Singapore, Hungary 
and Japan, spent comparatively more time in lecture-style presentations than Australians, though 
the proportion of time spent on the other activities varied from country to country. Several 
countries including Australia, Canada, England, Finland, Hong Kong, Japan, New Zealand and 
Singapore, whose teachers reported that they spent at least 20 per cent of their time on students 
conducting experiments, had a higher country achievement than the international average. 
Most Australian students spent their class time on a range of activities. For three-quarters of 
Australian students, being shown how to do science problems, or working on worksheets or 
textbooks on their own were the two most common activities. These were also the major activities 
in Australian mathematics classes. However, Australian students spent less time than the 
international average (80 per cent) with their teacher showing them how to do science problems 
and significantly more time on worksheets or textbooks on their own. Across the world, in those 
countries where science was taught as separate subjects, the large majority of students in Physics 
and Chemistry also often spent time with the teacher showing them how to do science problems. 
However, this was not the case in Earth Science and Biology. It was more likely that students in 
general and integrated science often worked on science projects and began their homework in 
class, than students learning science as separate subjects. 
Do science teachers engage students in science reasoning and problem solving activities? For 
Australian teachers, the most often reported activities taking place in most lessons were explaining 
the reasoning behind an idea (65 per cent of teachers) and asking students to write explanations 
about what was observed and why it happened (68 per cent of teachers). Less frequently reported 
in Australia were asking students to put events or objects in order and give a reason for the 
organisation (26 per cent); and having to represent and analyse relationships using tables, graphics 
or charts (22 per cent of teachers). Few Australian teachers (9 per cent) reported asking students to 
work on problems for which there was no immediate or obvious method or solution. 
A scale based on the five questions investigating the emphasis on scientific reasoning and problem 
solving (ESRPS) was constructed and the results are shown in Table A6.6. A high ESRPS 
indicated that students were asked to do these activities in most or every lesson. For the medium 
ESRPS students were asked to do these activities in some lessons while the low ESRPS indicates 
that students undertook these activities rarely or never. A high level was thought to emphasise 
higher order skills and could therefore be associated with higher achievement. Across countries, a 
high level of ESRPS was associated with higher achievement though this was not necessarily the 
case at country level. Of the seven countries with the highest average scale score in science, 
Chinese Taipei, Singapore, Hungary, Japan, the Republic of Korea, the Netherlands and Australia, 
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only Japan had almost a third of its students high on the ESRPS scale. The other six countries had 
fewer than 14 per cent of their students in the high category. In Australia, science achievement 
was not correlated with ESRPS levels. In fact, in Australia students who were taught by teachers 
who were on the medium or low ESRPS scale achieved the same average scale score, which was 
higher than for those students with teachers on the high ESRPS scale. Yet the achievement results 
for Australian students in science were not different from those of Singapore, Hungary, Japan, the 
Republic of Korea, or the Netherlands. It seems that emphasis on scientific reasoning and problem 
solving alone do not necessarily result in higher achievement. 
Teachers and students were asked how often teachers demonstrated an experiment in science 
classes and how often students were involved in doing an experiment or practical investigation. 
The percentages of students who were involved in doing an experiment and the average 
achievement score are presented in Table 6.3. 
Table 6.3   Percentage of Students Involved in Doing an Experiment in Their Science Class 





















Australia9 46 564 35 551 15 523 4 494 
Canada 36 538 33 538 23 533 8 518 
Chinese 
Taipei10 
24 581 33 576 31 563 12 555 
England 53 545 36 547 9 517 2 476 
New Zealand 45 523 38 515 14 493 3 431 
United States 33 526 31 527 25 521 11 493 
Singapore11 34 580 31 573 20 559 15 543 
International 
average 
27 479 30 481 27 480 16 465 
 
On average internationally, 57 per cent of students reported that they did experiments in class 
almost always or pretty often. This was also the percentage in Chinese Taipei. In Canada, 
Singapore and the United States the percentage reported was higher than the international average 
though there was no difference in student achievement whether students were involved in doing 
experiments almost always or pretty often. In Australia and England the percentage of students 
reporting doing experiments was substantially higher than the international average. It did not 
seem to make a difference to achievement if students almost always or pretty often did 
experiments. However, once the frequency declined to once in a while or never, average 
achievement also declined in the country. Of the countries listed in Table 6.3, Chinese Taipei 
students reported the lowest percentage of doing experiments, yet their country was the highest 
achieving of the 38 countries taking part in TIMSS 1998. 
A scale to measure the emphasis on conducting experiments in science classes (ECES) was 
prepared and the results are presented in Table A6.7. The scale was based on both the students 
and teachers reported frequency on two aspects on conducting experiments in science classes. 
The topic of one aspect was the teacher demonstrating experiments and the other one was on 
students conducting experiments. A high ECES score indicated that the teacher reported that at 
least 25 per cent of class time was spent on conducting experiments and that students reported that 
                                                     
9 Australias achievement was compared to that of Canada, England, New Zealand and the United States in Chapters 2, 
3 and 4. 
10 Chinese Taipei (Taiwan) was selected as the country with the highest average scale score in science and with the 
third-highest scale score in mathematics. Chinese Taipei is the only country whose average scale score in science is 
significantly higher than Australias. 
11 Singapore was selected as the country with the highest average scale score in mathematics and the second-highest 
average scale score in science. 
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experiments were conducted in class almost always or pretty often. A low score indicated that 
teachers reported that 10 per cent or less of class time was spent on practical experiments and 
students reported that experiments were conducted once in a while or never. 
Internationally 38 per cent of students were at the high ECES level in countries that taught science 
as an integrated subject. This was in contrast to the percentage of students in countries where 
science was taught as separate subjects, where the range of high ECES was between 1 and 21 per 
cent. 
In countries including Hong Kong, Singapore, England and the United States, the higher the level 
of ECES, the higher the average achievement. In Australia, average achievement was also higher 
though not statistically significant between the high and medium levels of ECES. 
Assessment 
Teachers were asked about the weight given to a range of assessments. Figures 6.3 and 6.4 present 
the types of assessments to which mathematics and science teachers gave a lot or a great deal of 
weight for a selected number of countries. In Australia, the least weight (1416 per cent of 
teachers) was given to external standardised tests in both mathematics and science. For just over 
one-third of students, their mathematics teachers gave highest importance to homework 
assignments; observations of students; and students responses in class. The major differences 
between mathematics and science teachers were in assessments that rely on teacher-made tests 
requiring explanations; teacher-made objective tests; and projects or practical exercises. These 
assessments were given much more weight in Australian science classes. The weight given to 
these types of assessment across countries was not very different to what was reported for 
Australian classes in the case of science. In mathematics, Australian students were less likely to be 
assessed using teacher-made tests requiring explanations than students in most other countries 
including Canada and the United States. Australian students were less likely to be assessed on 
their responses in class than the international average in both mathematics and science. In high-
achieving countries like Singapore and Chinese Taipei, mathematics teachers gave greater 
emphasis to external standardised tests and homework assignments than Australian teachers. 
Mathematics teachers in Chinese Taipei also gave a great deal of weight to students responses in 
class. Science teachers in Chinese Taipei and Singapore gave greater weight to external 
standardised tests than Australian teachers. There was no difference between the emphasis given 
in Singapore and Australia to the other types of assessment. However, science teachers in Chinese 
Taipei, the only country where achievement was significantly higher than in Australia, gave quite 
a lot more weight to homework assignments; observation of students; and students responses in 
class than Australian science teachers. These differences in assessment provide a rich picture of 
mathematics and science learning in Australia and in selected countries taking part in TIMSS 
1998. 
Use of computers and calculators in mathematics and science classes 
Access to and use of calculators in mathematics classes  
Students were asked how often calculators were used in mathematics class and the results are 
presented in Table A6.8. Across all countries, 19 per cent of students reported that calculators 
were almost always used in class, with 20 per cent indicating that they were used pretty often, 29 
per cent once in a while, and 32 per cent never used. 
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Figure 6.3   Type of Assessment Mathematics Teachers Gave Quite a Lot or A Great Deal of 






Australia Canada Chinese Taipei England New Zealand Singapore United States
External Standardised Tests Teacher-made Objective Tests
Projects or Practical Exercises Observations of Students
























Teacher-Made Tests Requiring Explanations
Homework Assignments
Figure 6.4   Type of Assessment Science Teachers Gave Quite a Lot or A Great Deal of Weight 
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In Australia, 51 per cent of students stated that they used calculators almost always. Apart from 
the Netherlands where the comparable figure was 67 per cent, other countries recorded lower 
percentages of almost always using a calculator, ranging from zero in the Republic of Korea to 45 
per cent in Israel. The relationship between calculator use and achievement was not easy to 
interpret. Students who reported almost always using calculators in their mathematics classes were 
not necessarily those who had the highest average achievement scores. Internationally, students 
who used calculators once in a while achieved significantly higher scores than those who used 
calculators pretty often. However, this did not hold true in Australia. 
In Australia, in TIMSS 1998 the achievement scores of students who reported using calculators 
almost always were no different to those who used calculators pretty often, while they were lower 
for students who used them once in a while or never. In TIMSS 1994, students at this level who 
used calculators always or pretty often had a higher achievement than those who used them less 
often. 
In addition to students, mathematics teachers also reported on the use of calculators in their 
classes. In Australia, teachers reported that 92 per cent of students had access to calculators in 
mathematics classes. While this was higher than the international average (73 per cent), it was 
lower than in several other countries including England, the Netherlands and Singapore, where 
100 per cent access was reported. For almost two-thirds of students the policy on calculator use in 
Australia was unrestricted use while it was restricted for the other third of students. No cases 
were reported in Australia of calculators being not permitted. Based on the teachers reporting on 
the use of calculators there was no significant difference in achievement in TIMSS 1998 
according to whether students had restricted or unrestricted use of calculators in mathematics 
classes. 
The students and teachers responses on the frequency of calculator use were combined to form a 
scale on the emphasis of calculators in the mathematics classes (ECMC). Students in the high 
category were those who reported that they almost always or pretty often used calculators in class 
and their teachers indicated that they used calculators in their classes at least once or twice a week. 
Students in the low ECMC category were those who reported using calculators once in a while or 
never and their teachers reported that they never or hardly ever used them. Countries including the 
Netherlands, Singapore, Australia and England had 80 per cent or more of their students in the 
high category. At the other end of the scale, high-achieving countries, for example, Chinese 
Taipei, Korea and Japan, had 2 per cent or fewer of their students in the high category. A high use 
of calculators resulted in higher achievement in, for example, the Netherlands and Singapore. 
However, a higher use of calculators did not necessarily result in a higher average achievement at 
the international average or in countries including Korea or Japan. In Chinese Taipei, students in 
the low category had a statistically higher average achievement than those in the medium level. 
The Australian results between the high and medium categories were not statistically significant. 
This result was not surprising for Australia because as discussed earlier, the amount of calculator 
use reported by both teachers and students was not related to achievement. 
There has been a shift in relation to the emphasis on calculators in the mathematics class between 
TIMSS 1994 and TIMSS 1998. Internationally, there was a statistically significant shift in the use 
of calculators in the mathematics class with less use in the high ECMC category and an increase 
in the medium ECMC category. In the Czech Republic, England, the Russian Federation and the 
Slovak Republic there was a significant decrease in the high use of calculators with a 
corresponding significant increase in the medium category while, for example, in Australia, Japan 
and Korea, the use of calculators remained unchanged over the four-year period. Conversely in 
Belgium (Flemish) and in Thailand there was a significantly higher use of calculators in TIMSS 
1998. 
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Comparing the use of calculators in mathematics and science classes  
The same set of questions regarding the use of calculators was presented to mathematics and 
science teachers. In TIMSS 1998, teachers were asked how often students in the class used 
calculators for a number of activities. The results are compared in Table 6.4. Activities using 
calculators were more likely to be done routinely in mathematics classes but less regularly in 
science classes in Australian schools. While in mathematics classes, calculators were reportedly 
used by two-thirds of students for checking answers, three-quarters of students for routine 
computations and just over half the students for solving complex problems in almost every class, 
calculators were very little used in science classes. These results were not unexpected for general 
science classes in the second year of secondary school, and reflect the findings from TIMSS 1994. 


















   Maths teachers 















  7 
39 
 
Tests and exams 
   Maths teachers 



















   Maths teachers 















  3 
26 
 
Solving complex problems 
   Maths teachers 















  4 
50 
 
Exploring number concepts 
   Maths teachers 



















Availability of computers and the Internet 
Australian students had a high level of access to computers both at home and at school when 
compared to many other countries. Eighty-six per cent of Australian students, compared to the 
international average of 45 per cent, reported that they had access to a computer at home. The 
percentage of students with access to home computers was similar to that of Canada (85 per cent) 
and England (85 per cent) and somewhat higher than that of the United States (80 per cent).  
In Australia, all principals reported that in their schools there were fewer than 15 students per 
computer, which was the best student-to-computer ratio proposed by the questionnaire. This 100 
per cent level of access in Australian schools was the same for schools in Canada and England but 
significantly higher than the international average of 60 per cent.  
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Access to the Internet at home was more limited for Australian students, with about 38 per cent of 
students having the facility. This compared with 57 per cent in Canada, 36 per cent in England, 59 
per cent in the United States and 18 per cent across countries. However, 80 per cent of Australian 
students had access to the Internet at school and 69 per cent had access elsewhere, such as public 
libraries (but excluding home). Internet facilities were not used extensively in mathematics to 
work with students in other schools using email (6 per cent) or to access the World Wide Web for 
information (11 per cent). The World Wide Web was accessed by a greater number of Australian 
science students (19 per cent) for information, though this was still quite low when one takes into 
account the high access reported in Australia. 
Availability and use of computers in mathematics classes 
Though computers were available in Australian schools, their availability in mathematics classes 
was severely limited. For the majority of Australian mathematics teachers (86 per cent) 
availability was reported as never or almost never, with 10 per cent having access in some lessons, 
1 per cent in most lessons and 3 per cent in every lesson. Several countries, including Canada (14 
per cent), England (19 per cent), the United States (18 per cent) and Korea (25 per cent), reported 
a somewhat higher use in some lessons though the international average was 6 per cent. 
The majority of Australian students (71 per cent) reported that computers were never used in their 
mathematics classes, with 23 per cent of students reporting that they were used once in a while. 
Australian students who were in classes where computers were used once in a while achieved a 
higher score (535) than those in the two other categories almost always or pretty often (502) and 
never (524). The score of 502 for students reporting that they almost always or pretty often used 
computers was significantly lower than the score of 535 for those students reporting that they used 
computers once in a while. 
Table A6.9 presents the changes between TIMSS 1994 and TIMSS 1998 regarding the frequency 
of computer use in the mathematics classes. The results show statistically significantly greater use 
in Canada, Hong Kong, the Republic of Korea and Singapore in both the almost always or pretty 
often and the once in a while categories with a corresponding decrease in the never category. 
Across countries there has been an increase in the once in a while category and a decrease in 
never. The use of computers in Australia, England, New Zealand, and the United States was not 
significantly different between TIMSS 1994 and TIMSS 1998. 
Availability and use of computers in science classes 
There was greater availability of computers in science classes than in mathematics classes, with 
30 per cent of Australian science teachers who taught students taking part in TIMSS 1998 
(compared to 13 per cent of mathematics teachers) reporting that computers were available in 
some, most or every lesson. Australia had one of the highest percentages of availability in science 
classes, with only three countries, England (38 per cent), the Republic of Korea (32 per cent) and 
the United States (40 per cent), reporting higher availability. The international average for these 
three categories combined was 14 per cent. 
A quarter of Australian science teachers reported that computers were used in some lessons (25 
per cent), most (1 per cent), or every lesson (1 per cent), while 73 per cent never or almost never 
asked students to use a computer. The one per cent of Australian students who were in classes 
where computers were used in every lesson achieved a significantly higher average science score 
than students in those classes where they were used less often. There was no difference in 
achievement in Australian classes where computers were used in some lessons or were never or 
almost never used. 
The changes between TIMSS 1994 and TIMSS 1998 on the frequency of computer use in science 
classes are presented in Table A6.10. The table shows statistically significant greater use in 
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Canada, England, the Republic of Korea, New Zealand, Singapore and the United States in the 
almost always or pretty often category. Across countries there has been an increase in the almost 
always or pretty often category. The use of computers in Australian science classes was not 
significantly different between TIMSS 1994 and TIMSS 1998.12 
Summary 
This chapter presented a range of the teacher and teaching variables examined mainly through the 
mathematics and science teachers questionnaires and the students questionnaire. The teachers 
who completed the questionnaire were the teachers of the randomly selected sample of students 
taking part in TIMSS 1998.  
Australian students were taught by mathematics teachers who, on average, were younger than 
their science teachers. While across countries there were more female than male teachers teaching 
mathematics and science, the picture was different in Australia, with more males than females 
teaching both mathematics and science. Three-quarters of Australian mathematics teachers and 
over four-fifths of Australian science teachers were teaching in their area of specialisation. In both 
cases this was lower than the average across countries.  
Australian mathematics teachers felt more confident about teaching their subject area than science 
teachers. Mathematics teachers felt least confident teaching geometric figures, motions and 
transformations but felt confident teaching the other eleven topics. Science teachers felt less 
confident teaching earth science and most confident teaching biology. 
Australian students spent about a quarter of the total instructional time in mathematics and science 
classes. In both mathematics and science classes the major activities were lecture-style 
presentation and teacher-guided student practice. In mathematics, another important activity in 
Australian classes was independent student practice, while in science it was students conducting 
experiments. In Australia, in both mathematics and science classes the most often used problem 
solving activity was asking students to explain their reasoning behind an idea. 
The use of calculators was common in Australian mathematics classes but rare in science classes. 
On the other hand, Australian students had greater access to computers and the Internet in their 
science classes than in mathematics. Access to computers was high in Australian schools and 
homes. Access to the Internet was more limited at home but available at school and elsewhere. 
Teaching time, classroom activities and use of resources were analysed in relation to student 
achievement. In Australia, the amount of teaching time was positively correlated with 
achievement in mathematics and science. Australian students in mathematics classes where 
teachers emphasised mathematics reasoning and problem solving in some lessons had a higher 
achievement than those where mathematics reasoning and problem solving were either never or 
always emphasised. In science, no such relationship was found. In TIMSS 1994, greater use of 
calculators was related to higher achievement in mathematics, though in TIMSS 1998, the use of 
calculators was not related to achievement. 
 
                                                     
12 The standard error of measurement was greater than in Canada or Cyprus. 




WHAT HAS BEEN LEARNED? 
Australia was one of 38 countries that took part in the repeat of the Third International 
Mathematics and Science Study (TIMSS 1998). TIMSS 1998 was a partial replication of the Third 
International Mathematics and Science Study (TIMSS 1994). The major focus of both studies was 
to compare the mathematics and science achievement of students in the countries taking part. In 
addition, the studies collected important data on students, their teachers and schools to document 
the conditions that support the teaching and learning of mathematics and science in the various 
countries. Australia took part in both studies and it was therefore possible to make comparisons in 
the areas of achievement and the context of learning in the four-year interval from 1994 to 1998. 
The gap of four years between the two studies corresponds to difference in the ages of the two 
populations in the 1994 study. Consequently the 1998 sample is from the same cohort of students 
as the 1994 sample of population one students.  
Testing was carried out in Australia and Southern Hemisphere countries between October and 
December 1998 and in April-May 1999 for most Northern Hemisphere countries. Each country 
selected a random sample of schools with probability proportional to enrolment size. Within 
schools, one mathematics class was randomly selected from the list provided by each school. In 
Australia, 4032 students in 170 schools were assessed. 
Students were randomly allocated one of eight booklets which contained both mathematics and 
science items. In addition, students completed a questionnaire that collected information about 
their home background, out-of-school activities, attitudes towards mathematics and science and 
academic self-concept. The mathematics and science teachers of the sampled students completed 
questionnaires about their education and professional training, teaching practices and their 
emphasis on a range of topics in the TIMSS 1998 curriculum framework. School principals of the 
sampled students provided information about school resources, staffing, mathematics and science 
courses and support for teachers. 
Achievement 
Australian students taking part in TIMSS 1998 achieved well above the international average in 
mathematics and science with an estimated 94 per cent in mathematics and 93 per cent in science 
placed in the top 75 per cent of the international levels. In science, only Chinese Taipeis science 
achievement was better than that of Australia. Australian student achievement in science was at a 
level equal to that of 15 other countries including Singapore, Japan, the Republic of Korea, 
England, Canada and Hong Kong. 
In mathematics, Australian students performed well above the international average but the results 
were not as good as those in science. Students in Singapore, the Republic of Korea, Chinese 
Taipei, Hong Kong, Japan and Belgium (Flemish) achieved significantly better than Australian 
students did. Australian students achievement in mathematics was at a level equal to that of ten 
other countries including the Netherlands, Slovak Republic, Hungary, Canada, Slovenia and the 
Russian Federation. 
In mathematics, in TIMSS 1998, Australias results were significantly higher than the 
international results in four of the five content areas: Algebra; Data Representation, Analysis and 
Probability; Fractions and number sense; and Measurement; but below the international average in 
Geometry. In science, Australian students performed above the international average in all six 
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content areas: Earth Science; Life Science; Chemistry; Environmental and Resource Issues; 
Physics; and Scientific Inquiry and the Nature of Science. 
The percentage of Australian students in the top 75 per cent worldwide is higher than most other 
countries, particularly in science, and can be seen as an indicator of equity of educational outcomes 
for Australian students. If the focus is on the highest achievers, the percentage of Australian 
students in the top 10 per cent of all students is higher than the international average (12 per cent in 
mathematics and 19 per cent in science). However, it is substantially lower, particularly in 
mathematics, when compared to the percentages in Singapore (46 per cent), Chinese Taipei (41 per 
cent) and Korea (37 per cent). These results raise the issue as to whether, in Australian schools, 
students are helped to develop a realistic understanding of what it means to do very well in 
mathematics and science, for the majority (83 per cent in mathematics and 80 per cent in science) 
agreed or strongly agreed that they did well in both mathematics and science.  
In summary, Australian students have maintained high standards between 1994 and 1998. 
Australia showed small increases in achievement in all content areas in mathematics. In science, 
Australia has improved its relative position among countries that took part in both TIMSS 1994 
and TIMSS 1998. In TIMSS 1994, Australias average in science was not significantly different 
from the average across countries while in TIMSS 1998 it was significantly higher than the 
average across the countries that took part in both studies. Even though the increases themselves 
were not significantly different from the international average the direction of change, and the 
resultant position is encouraging for those planning science and mathematics programs in 
Australian education systems. It is important to find out what Australia is doing right. It may be 
the quality of teaching or teacher education, the academic environment of schools, or the 
curriculum. It may be that the implementation of structured curriculum frameworks in most states 
during the 1990s provided more support for teachers and this was reflected in the quality of student 
learning. 
Teachers and teaching 
Teacher demographics 
There has been a shift in Australia towards younger teachers of mathematics and science in junior 
secondary school since TIMSS 1994. In TIMSS 1998, 23 per cent of mathematics teachers and 16 
per cent of science teachers were 29 years or younger while in the earlier study only 5 per cent in 
both mathematics and science were 29 years old or younger. In Australia, approximately 15 per 
cent more males teach mathematics and science than the international average. All Australian 
teachers had at least one years training. This was not the case in all the countries that participated 
in TIMSS. The percentages of students taught by mathematics teachers who reported that they had 
teacher training certification ranged from 32 per cent for Cyprus to 100 per cent to countries such 
as Australia, Japan and Singapore. The international average was 95 per cent for mathematics 
teachers and 86 per cent for science teachers.  
Teacher subject knowledge 
It is widely argued that effective teaching depends on the pedagogical content knowledge of 
teachers. Eighty-seven per cent of junior secondary students in Australia were taught science by 
teachers who had a major in science. This was higher than the international average of 82 per cent. 
In mathematics almost three quarters of Australian students were taught by teachers who had 
mathematics as a major area of study in their degree. Internationally the average figure was 84 per 
cent. 
Overall Australian mathematics teachers felt confident about teaching 11 of the 12 topics. 
Geometry was the area that many Australian teachers felt least confident about. Geometry was 
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also the content area for which Australian students had the lowest achievement. In Australia, as 
well as internationally, science teachers appeared less confident than mathematics teachers. This 
possibly reflects the range of specialist sub-disciplines in general or integrated science. Australian 
teachers, as well as teachers internationally, felt most confident teaching Biology and least well 
prepared to teach Earth Science. 
Teaching time 
The amount of time allocated to mathematics and science in Australia was between two hours five 
hours per week for 90 per cent of students. In Australia, teaching time correlated significantly 
with achievement in both mathematics and science so that students who had more than 3.5 hours 
for mathematics or science per week achieved significantly higher than students who had between 
two and 3.5 hours weekly. Time allocation to mathematics in Australia compared favourably with 
the international average and with high achieving countries such as Singapore Chinese Taipei and 
Belgium (Flemish). In fact, in several high achieving countries including Japan, the Republic of 
Korea and the Netherlands, over 90 per cent of students were allocated between two and 3.5 hours 
weekly in mathematics. In science, with the exception of Singapore, other high achieving 
countries teaching general or integrated science, for example, Hong Kong and Korea, had close to 
80 per cent of their students timetabled for between two and less than 3.5 hours of science weekly. 
It seems that, while the amount of time may be sufficient to achieve good results in Australia, 
some other countries achieved equally good or even better results with a smaller time allocation. 
Curriculum and approaches to teaching 
Australian students achievement was relatively better in science than in mathematics in both 
TIMSS 1994 and TIMSS 1998. The reasons for the difference in achievement between 
mathematics and science are worth exploring. Is science knowledge more likely than mathematics 
to be learnt outside the classroom so that students have more opportunities to learn science rather 
than mathematics? Or, as proposed by Lindsey et al., is the mathematics curriculum not 
demanding enough of Australian students?1 These factors may be contributing to the differences 
in achievement in mathematics and science, and are worth further exploration, but go beyond the 
data collected in TIMSS 1998. 
When reporting on TIMSS 1994, Australian mathematics experts thought that students were not 
challenged by the curriculum at lower secondary level2 in Australian schools. Australia is one of 
three countries, the other two being the Canada and the United States that does not have a national 
curriculum. Therefore, it is much more complex to identify strengths and weaknesses in the 
Australian curriculum and its implementation in Australian classrooms. 
In mathematics, Australian students spent approximately half of their class time in lecture style 
presentations, teacher-guided student practice; and re-teaching and clarification of concepts. Just 
under one quarter of the time (22 per cent) was spent on student independent practice. The profile 
of activities was very similar to the international average although Australian students spent a little 
more time than average on independent practice. In terms of the proportion of time allocated to 
student independent practice Australia was similar to countries such as Canada, England, Malaysia 
and New Zealand, but substantially less than the Netherlands (32 per cent). In countries such as 
Chinese Taipei, Hong Kong, Japan and Korea there was a greater emphasis on lecture style 
presentation by the teacher and less on student independent practice. 
                                                     
1 Lindsey, J., Pearn, C., Lokan, J., Doig, B. & OConnor, G. (2000) Comparisons of Australias revised draft year 7 
numeracy benchmarks and international standards. Australian Council of Educational Research, Melbourne. 
2 Stacey, K. (1997) Implications of TIMSS for Mathematics Education. In Lokan, J. (ed) Raising Australian Standards 
in Mathematics and Science: Insights from TIMSS. Proceedings of ACER National Conference, Australian Council 
for Educational Research, Melbourne. 
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In science Australian students were reported to spend almost a quarter (23 per cent) of their time 
conducting experiments. This was rather higher than the international average of 15 per cent but 
similar to Canada, England, Hong Kong, New Zealand and Singapore. Japan was a little higher 
than this at 29 per cent. Compared to students in other countries Australian students spent less time 
in lecture-style presentation by the teacher (18 per cent compared to 24 per cent). Students in Japan 
spent a relatively high proportion of their time in lecture style presentations (31 per cent) as well as 
being high in terms of conducting experiments. Overall, the experience of Australian students in 
science was to have a little more emphasis on the conduct of experiments and a little less emphasis 
on lecture style presentations by the teacher. 
Homework 
Within Australia students who reported spending between one and three hours of homework on all 
subjects combined, on school days, had the highest achievement in both mathematics and science. 
Students who reported spending less than one hour per day doing homework had the lowest 
achievement. There was substantial variation across countries in the emphasis placed on 
homework. In other countries there was little relationship between the amount of time on 
homework and achievement. This is possibly because low performing students are given more 
homework as a remedial activity to help them catch up and progress. In several high achieving 
countries, such has Japan, Hong Kong and Korea, almost twice as many students as in Australia 
reported that they undertook between one and three hours of homework per normal school day. 
Students 
Students who took part in TIMSS 1998 were from Year 8 in New South Wales, Victoria, 
Tasmania and the Australian Capital Territory, and from Year 9 in Queensland, South Australia, 
Western Australia and the Northern Territory. Their average age was 14.3 years, 86 per cent were 
born in Australia and 89 per cent reported that they always or almost always spoke English at 
home. Students who did not speak English at home spoke, from highest to lowest percentage, an 
Asian, European, Indian or Pacific Islander language. 
Gender differences 
In Australia, there was no gender difference in students average achievement in mathematics and 
science in either TIMSS 1994 or TIMSS 1998. The study found that Australian boys and girls 
performed equally well in mathematics and science overall. In mathematics, there were no 
significant gender differences in any of the content areas. In science, boys achieved significantly 
better than girls in chemistry but not in other content areas. 
However, while the percentages of girls and boys in the top 25 per cent were not different in 
mathematics they were significantly different in science, with more boys than girls in the top 25 
per cent. At the same time, girls were more likely to report less favourable attitudes to science. 
What are the underlying reasons for these differences? Are they the result of how science is taught 
in some schools? Or are they due to the relevance of what is taught to the girls experience? While 
it is beyond the domain of an international study to examine these differences it is worthwhile 
exploring the Australian situation more fully. 
Social and cultural background 
Academic success is often related to students background and home circumstances. It was 
therefore not unexpected that student background characteristics, for example, the parents 
educational level, books and other possessions in the home, were positively linked to achievement 
on the tests. It was true across countries as well as in Australia that the higher the level of 
education of the parents the higher the level of student achievement. Likewise, within each 
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country, students from the high end of the resource scale achieved higher scores in both 
mathematics and science.  
Language background other than English 
Australian students who reported that English was the language they always or almost always 
spoke at home had a significantly higher average score in science than students who spoke English 
only sometimes. The reason behind this difference could be the greater linguistic demands of the 
science test items. There was no difference in mathematics achievement between those who always 
or almost always spoke English at home and those who spoke it sometimes. 
School coordinators were asked to exempt students who, in their opinion, were unable to read or 
speak the language of the test. Therefore those students who took part could be considered able to 
take the test though the degree of language competence was not specified. In some cases, the 
amount of time studying English may not be sufficient to allow an accurate assessment of students 
knowledge of the subject matter because of their lack of knowledge and understanding of the 
language of the test. 
Attitudes 
Two-thirds of the Australian students reported having positive attitudes toward mathematics and 
science. Only a tenth of the students disliked mathematics and science a lot. However, two 
scales, one of students attitudes towards mathematics and the other towards science, showed that 
30 per cent of Australian students in mathematics and 27 per cent in science had a high positive 
attitude while just over half the students had a medium positive attitude towards either 
mathematics or science. The more positive Australian students were towards mathematics or 
science, the higher their achievement. This was the case in some countries but not in others. There 
were several countries, including some high achieving Asian countries including the Republic of 
Korea and Japan that had very high levels of achievement but very small percentages of students 
who had high positive attitudes towards mathematics or science. 
Among Australian students, significantly more males had high positive attitudes towards 
mathematics than females, and significantly more females had low or strongly negative attitudes 
towards science. Across countries and in Australia, more positive attitudes were related to higher 
achievement scores, so therefore the fostering of more positive attitudes towards mathematics and 
science is to be encouraged. When comparing TIMSS 1994 and TIMSS 1998, there were 
significantly more Australian students in TIMSS 1998 with high positive attitudes towards both 
mathematics and science. 
Use of computers and the World Wide Web 
There was no significant change in the frequency of computer use in Australian mathematics or 
science classes between TIMSS 1994 and TIMSS 1998. The use of the World Wide Web for 
projects was low for Australia, which has a comparatively high ratio of computers to students. In 
mathematics 11 per cent of students used the World Wide Web at least once a month to access 
information while 18 per cent of students used it in science. This was slightly higher than the 
international average, which included countries with much lower access. It seems that the World 
Wide Web was not used in Australia at the time of TIMSS to collect information or analyse data. It 
is not possible to explain the reasons for this from the data collected in TIMSS 1998. Usage of 
these resources for mathematics and science in Australia may have increased since 1998, when the 
TIMSS data were collected. 
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Other things being equal 
Multivariate analyses were undertaken to provide an indication of the direction and size of the 
relationship between achievement and various student characteristics. In both mathematics and 
science, the model showed that the greatest effect on achievement was the students perception of 
their ability in mathematics and science. Self-efficacy, home educational resources and English 
spoken at home had a smaller though significant impact. Gender and ethnicity made an impact on 
science achievement but not on mathematics achievement. These student characteristics accounted 
for 25 per cent of the variance in science achievement and 28 per cent of the variance in 
mathematics achievement. 
Results from analyses of the students attitudes towards mathematics and science and their 
achievement seemed inconsistent. Students attitudes towards mathematics were significantly 
correlated with higher achievement but the multivariate analyses suggested in a negative 
relationship. Students attitudes towards science were significantly correlated with higher 
achievement but the multivariate analyses indicated that the relationship was not statistically 
significant. An explanation for these apparently contradictory results could be the interaction of 
other variables included in the analysis with the relationship between positive attitudes and 
achievement. 
Conclusion 
Australian students achievement in mathematics and science at the junior secondary level has 
continued to be encouraging. In science, Australian students achieved as well as most of our Asian 
neighbours. In mathematics the results, while higher than the international average, were 
significantly below those of several Asian and European countries. Participation in international 
testing projects such as TIMSS 1998 contributes to the understanding of the teaching and learning 
of mathematics and science in Australia and provides valuable comparisons between countries. It 
also provides the opportunity to learn from other countries about their curriculum, teaching 
practices, funding and resources. The curriculum and teaching practices that work successfully in 
one country do not necessarily transplant successfully to another. However, they provide the 
opportunity to assess what lessons can be learned and what improvements could be implemented. 
Chapter 7 − Summary 164
 
APPENDIX A 
ADDITIONAL STATISTICAL TABLES 
 


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table A2.2   Average Achievement in Mathematics Content Areas by Gender 
 
Significance tests adjusted for multiple comparisons
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Average Scale Scores for Science Content Areas











































































































































































































Significance tests adjusted for multiple comparisons













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Mathematics and Science Achievement of Junior Secondary School Students in Australia 169
 
Table A2.5   Changes in Gender Differences in Average Science Achievement 
 
Countries with Unapproved Sampling Procedures at the Clas sroom Level in 1994
▲
▲

















































































































































































































Significantly higher than other gender▲
Significance tests adjusted for multiple comparisons
















Table A5.1 Home Educational Resources (HER) Scale and Students Mathematics and 
Science Achievement in TIMSS 1998 
 

































































































































































































































































































































Scale based on students’ responses to three questions about home educational resources: number of books in the home; 
educational aids in the home (computer, study/desk, dictionary); and parents’ education.  High level indicates more than 100 
books in the home; all three educational aids; and either parent's highest level of education is finished university.  Low 
level indicates 25 or fewer books in the home;  not all three educational aids; and both parents’ highest level of  education 

















































































































































A dash (–) indicates data are not available.
A tilde (~) indicates insufficient data to report achievement.  
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Table A5.2 Out-of-School Study Time (OST) Scale and Students Mathematics and Science 


















































































































































































































































































































































































































































































Index of Out-of-School Study Time
Scale based on students’ responses to three questions about out-of-school study time: time spent after school studying 
science or doing science homework; time spent after school studying mathematics or doing mathematics homework; time 
spent after school studying or doing homework in school subjects other than science and mathematics. Number of hours 
based on: no time = 0, less than 1 hour = 0.5, 1–2 hours = 1.5, 3–5 hours = 4, more than 5 hours = 7.  High level indicates 
more than three hours studying all subjects combined.  Medium level indicates more than one hour to three hours 
studying all subjects combined.  Low level indicates one hour or less studying all subjects combined.
A dash (–) indicates data are not available.  
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Table A5.3  Students Positive Attitudes Towards Mathematics (PATM) Scale 
in TIMSS 1998 
 












































































































































































































































































































































Scale based on students’ responses to five statements about mathematics:  
1) I like mathematics; 2) I enjoy learning mathematics; 3) mathematics is boring (reversed 
scale); 4) mathematics is important to everyone’s life; 5) I would like a job that involved 
using mathematics.   Average is computed across the five items based on a 4-point scale:  
1 = strongly negative; 2 = negative; 3 = positive; 4 = strongly positive. High level 
indicates students with a positive or strongly positive attitude on average. Low level 
indicates students with a negative or strongly negative attitude on average. Medium 
level includes all other combinations of responses.
.
A tilde (~) indicates insufficient data to report achievement.  
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Table A5.4  Students Positive Attitudes Towards Science (PATS) Scale in TIMSS 1998 
 




































































































































































































































Index based on students’ responses to five statements about science: 1) I like science;  
2) I enjoy learning science; 3) science is boring (reversed scale); 4) science is important to 
everyone’s life; 5) I would like a job that involved using science. Average is computed 
across the five items based on a 4-point scale: 1 = strongly negative; 2 = negative; 3 = 
positive; 4 = strongly positive. In countries where science is taught as separate subjects, 
students were asked about each subject area separately. High level indicates students 
with a positive or strongly positive attitude on average. Low level indicates students 
with a negative or strongly negative attitude on average. Medium level includes all 
other combinations of responses.







Table A6.1  Scale of Teachers Confidence in Their Preparation to Teach Mathematics 
(CPTM) and Student Achievment in TIMSS 1998 
 
A tilde (~) indicates insufficient data to report achievement.
Data was not available for England, Lithuania or the Russian Federation.























































































































































































































































































































Scale based on teachers' responses to 12 questions about how prepared they feel to 
teach different mathematics topics based on a 3-point scale: 1 = not well prepared; 2 
= somewhat prepared; 3 = very well prepared. Average is computed across the 12 
items for items. High level indicates average is greater than or equal to 2.75. 
Medium level indicates average is greater than or equal to 2.25 and less than 2.75. 
Low level indicates average is less than 2.25.
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Table A6.2  Scale of Teachers Confidence in Their Preparation to Teach Science (CPTS) 











































































































































































































































































































Scale based on teachers' responses to 10 questions about how prepared they feel to 
teach different mathematics topics based on a 3-point scale: 1 = not well prepared; 2 
= somewhat prepared; 3 = very well prepared. Average is computed across the 10 
items for items. High level indicates average is greater than or equal to 2.75. 
Medium level indicates average is greater than or equal to 2.25 and less than 2.75. 
Low level indicates average is less than 2.25.
An “r” indicates teacher response data available for 70–84% of students.






Table A6.3  Changes Between TIMSS 1994 and TIMSS 1998 in Asking Students to do 
Problem Solving Activities During Most or Every Mathematics Lesson 
 
AUSTRALIA ● ● ● ▲ ● 
Belgium (Flemish) ● ● ● ●  
Canada ● ▲ ● ▲ ● 
Cyprus ● ● ● ●  
Czech Republic ● ● ● ●  
England ● ● ● ●  
Hong Kong, SAR ● ● ● ▲ ▲
Hungary ● ● ● ●  
Iran, Islamic Rep. ● ● ● ● ▲ 
Israel ▲ ● ▼ ● ● 
Italy ● ● ▲ ● ● 
Japan ● ● ▲ ●
Korea, Rep. of ● ● ● ● ▲ 
Latvia (LSS) ● ● ● ●
Lithuania ● ▲ ● ●  
New Zealand ● ● ● ● ▲ 
Romania ● ● ● ●  
Russian Federation ● ● ● ●  
Singapore ● ● ● ●  
Slovak Republic ● ● ● ● ▲ 
Slovenia ▲ ▲ ● ▲ ● 
Thailand ▲ ● ● ●  















































































































































































































































































































































A dash (–) indicates data are not available.
1998 significantly higher than 1994
1998 significantly lower than 1994




Significance tests adjusted for multiple comparisons
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Table A6.4   Scale of Teachers Emphasis on Mathematical Reasoning and Problem Solving 
(EMRPS) in TIMSS 1998 
 
Scale based on teachers' responses to four questions about how often they ask 
students to: 1) explain the reasoning behind an idea; 2) represent and analyse 
relationships using tables, charts, or graphs; 3) work on problems for which there is no 
immediately obvious method of solution; 4) write equations to represent relationships. 
Average is computed across the four items based on a 4-point scale: 1 = never or almost 
never; 2 = some lessons; 3 = most lessons; 4 = every lesson.  High level indicates average 
is greater than or equal to 3.  Medium level indicates average is greater than or equal 
to 2.25 and less than 3.  Low level indicates average is less than 2.25.
A tilde (~) indicates insufficient data to report achievement.
















































































































































































































































































































































Table A6.5   Changes in Scale Between TIMSS 1994 and TIMSS 1998 of Teachers 










































































































































































1998 1994 19981994 1998 1994–1998Difference 1994
Per cent of Students
High
EMRPS
Per cent of Students
Medium
EMRPS































































































































































































1998 significantly higher than 1994
1998 significantly lower than 1994




Significance tests adjusted for multiple comparisons
As results are rounded to the nearest whole number some differences may seem to be incorrect.  
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Table A6.6   Scale of Teachers Emphasis on Science Reasoning and Problem Solving 
(ESRPS) in TIMSS 1998 
 































































































































































































































































































































Scale based on teachers' responses to five questions about how often they ask 
students to: 1) explain the reasoning behind an idea; 2) represent and analyse 
relationships using tables, charts, graphs; 3) work on problems for which there is no 
immediately obvious method of solution; 4) write explanations about what was 
observed and why it happened; 5) put events or objects in order and give a reason 
for the organization. Average is computed across the five items based on a 4-point 
scale: 1 = never or almost never; 2 = some lessons; 3 = most lessons; 4 = every lesson.  
High level indicates average is greater than or equal to 3. Medium level indicates 
average is greater than or equal to 2.25 and less than 3.  Low level indicates average 
is less than 2.25.  
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Table A6.7   Scale of Emphasis on Conducting Experiments in Science Classes (ECES) 
in TIMSS 1998 
 




































































































































































































































A tilde (~) indicates insufficient data to report achievement.
Scale based on teachers’ reports on the percentage of time they spend demonstrating 
experiments; teachers’ reports on the percentage of time students spend conducting 
experiments; students’ reports on how often the teacher gives a demonstration of an 
experiment in science lessons; students’ reports on how often they conduct an experiment 
or practical investigation in class. High level indicates teacher reported that at least 25 per 
cent of class time is spent on the teacher demonstrating experiments or students 
conducting experiments, and the student reported that the teacher gives a demonstration 
of an experiment or the student conducts an experiment or practical investigation in class 
almost always or pretty often.  Low level indicates the teacher reported that less than 10 
per cent of class time is spent on the teacher demonstrating experiments or students 
conducting experiments, and student reported that the teacher gives a demonstration of 
an experiment and the student conducts an experiment or practical investigation in class 
once in a while or never. Medium level includes all other possible combinations of 
responses.
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Table A6.8   Students Reports on Frequency of Calculator Use in the Mathematics Class 
in TIMSS 1998 
 



























































































































































































































































































































































































































A dash (–) indicates data are not available.
A tilde (~) indicates insufficient data to report achievement.  
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Table A6.9   Changes in Scale Between TIMSS 1994 and TIMSS 1998 in the Frequency of 












































































































































































































































































































1998 significantly higher than 1994
1998 significantly lower than 1994




Significance tests adjusted for multiple comparisons  
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Table A6.10   Changes in Scale Between TIMSS 1994 and TIMSS 1998 in the Frequency of 

















Countries with General/Integrated Science
Percentage of Students Reporting 



























































































1998 significantly higher than 1994
1998 significantly lower than 1994




Significance tests adjusted for multiple comparisons  
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